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SCIL.TES 



PREFATORY NOTE. 



These reports upon certain centres in the Murchison and East 
Mnrchisoii GKiidfields are the result of an examination made during 
the year by Mr. C. G. Gibson whilst en-gaged in mapping 
in upon broader lines the geological features of the latter field. 
As, however, his sendees were r^uired as Geologist attached to the 
Transoontinental Railway Survey, it was found necessary to recall 
Jim before this work was completed. 

l^pon his journey across from Nannine he passed Ban*ambie 
and Errolls, the auriferous belt of which he describes as consii?t- 
ing (»f a chloritic schistose zone, enclosed in granite country of 
some 10 miles in length and three miles in width. The rocks of 
this area he considers belong to the acidic series^ in which case they 
most probably are the result of the alteration and shearing of gi*ano- 
diorites similar to those carrying the auriferous lodes in tlie Cue 
district. 

At Errolls the quartz lodes are apparently of the usual lenti- 
cular type met with in foliated rocks which, although often attain- 
ing considerable size in places, are not usually of any considerable 
longitudinal extent, whilst this same remark will in all probability 
apply to their vertical continuity. 

At Barrambie,. upon the other hand, the lodes although small 
apparently follow searing planes, and can be traced for a consider- 
able length at the surface, and therefore give greater promise with 
regard to their permanency in depth. 

In the Gum Creek district there appears to be a fairly extensive 
auriferous area, but, although a considerable quantity of stone hasS 
been crushed, which yielded over one ounce of fine gold to the ton, 
little is doing in this locality at the present time. 

It is ten years since Mr. Blatohford, then Assistant Govern- 
ment Geologist, reported upon the Lake Way district, which is now 
known as Wiluna, and in consequence Mr. Gibson's report will be 
read with considerable interest, particularly as a new class of aurif- 
erous deposits is now being developed. He described the district 
as oonsisting entirely of greenstone schists, which class of rock 
extends over an area of some 1,240 square miles, for although they 
do not always appear at the surface they will be met with in sink- 
ing at a moderate depth. These greenstones, although very similar 
in appearance to those usually met with upon the other goldfields, 
are of a more highly siliceous character, thus more nearly approach 
quartz-diorite. 
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••:;••, The\atuJ^alv5^s:i)ortion of this tract of country is apparently 
wrftinetf tb a oelt *io}p^ three miles in len^h by one mile in width, 
. • ii»'int-&'.^dAh-w^erl\i course, which direction is also followed by 
••.I tni/jHtfrt^ refef§*"^hicli occur in lines having considerable lengrth and 
degree of parallelism; they are not, however, continuous sheets, but 
a series of lenticular bodies the edges of which often over-lap one 
another, which character is common to these deposits in schistose 
country. 

Besides the quartz i-eefs thei'e are a series of so-called lodes 
which have more recently been discovered in this district to carry 
payable values in gold. These consist of zones of highly foliated or 
crushed rock, one series of which follows a parallel course to the 
reefs, whilst the other crosses them at about right angles. In this 
class of deposit the solutions have apparently found a free passage 
through the folii of the rocks upon the faces of ^ich gold has been 
deposited, associated in places with large bunches of sulphide of 
Antimony said to be highly auriferous. 

Acidic dykes ai'e not of common oc<»urrence, but two, composed 
of granite, are met with in the centre of the auriferous belt, whilst 
basic dykes, owing to their similarity to the altered greenstones, have 
not been obsei-ved at the surface; but Mr. Gibson mentions some 
belts of more highly foliated rocks which vary from a few feet 
to several chains in width, following a course a little to the west 
of north, which may possibly belong to this class. 

The quartz bodies do not apparently carrj^ gold values con- 
sistently throughout, but arc sometimes richer upon one wall and 
sometimes upon the other, although in exceptional places the whole 
width of the vein pays to crush. The conclusion he amves at is that 
although it is probable that these planes of quartz lenses will extend 
to a considerable de})th, the values in gold will probably diminish 
below the zone' of secondary enrichment; upon the other hand he 
speaks highly of the lodes of which he considers there is very con- 
siderable prospect of greater permanency in depth although prob- 
ably not quite so rich as above the water level. 

HARRY P. WOODWARD. 

Acting Govemment Geologist, 
(leijlogical Sur\'ey Office, 

Perth, 4th Septeml)er, 1908. 
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WILUNA. 

Tlie town of Wiliuia is situated about a liundrecl and twenty 
miles slightly north of east of Naunine, whicli is the nearest rail- 
way station, and to which it is connected by a weekly coach sen'ice. 

The only detailed report which has been previously made on the 
district is that by the then Assistant Government Geologist (Mr. 
Blatchford), who examined and reported on the field in 1898. His 
i-eport, together with an explanatoi-y geological map, appeai-s in the 
Annual Report of the Geological Survey for the year 1898, in which 
he states that he "was at once struck with the similarity of the en- 
closing country rucks, which in all cases where they outcropped 
proved to be either granite or mica and quartz schists, the latter 
arising, no doubt^ from the metamorphism of the former." 

Personal observations have proved these so-called mica schists 
to be merely a silicified and weathered belt of greenstone schists, 
the rock in the main being tlie same right throughout the district. 

As Mr. Blatehford during His visit examined a number of mine 
workings which at the tune of my visit were inaccessible, I have in 
this report made partial xise of his desci-iptions when dealing w^ith 
some of the mines in question. 

There is a large extent of auriferous countiy, the belt being 
first entered on, when travelling in an easterly direction, at Mt. 
Merewether, about twenty-live miles from Wiluna, and extending for 
at least six miles beyond that place, but how much farther is not 
known. It extends to the noilh an^ south from a point some five or 
six miles south of Mt. Laurence Wells to about twenty miles north 
of Wiluna, being a total length of at least foi-ty miles. 

The greater part of this area is covered with the ubiquitous 
recent deposits, often to a considerable depth, but at Mt. Merewether, 
and from thence north-easterly there is a considerable extent of hill.T 
country where the rocks outcrop, and which should be well worthy 
of the prospector's attention; near Mt. Laurence Wells, also, there 
is a nice looking patch of country which, however, aj)pears to have 
been fairly well prospected, but with what results I was miable to 
learn. 

In the neighbimrhood of Wiluna townsite, covering the area over 
which the leases extend, and also for some miles northwai'd the coun- 
try is somewhat hilly, series of low rounded greenstone ridges rising 
to a height of alwut one hundred feet ; south and west, however, 
are extensive flats which have a general fall southerly into Lake 
Way. 

The rocks comprising this auriferous belt are similar to those 
at Gum Creek and Montague, and practically the same as found on 
all the Western Australian Goldfields, the only difference being that 
thoee of the Wiluna belt are apparently slightly more acidic than • 
those of the fields farther south. They are a« a rule massive and 
fairly fined grained, and consist of hornblende rocks often api)roa<»h- 
ing quartz diorite in composition. 
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In the Wiluna district well defined narrow belts of schists are 
frequently found traversing the main *>i'eenstone body; these usually 
run on a bearing slightly west of north, and vary in width from a 
few feet to several chains ; they are merely crushed zones of countiy 
rock and apparently mark old mahi fault, or shear, lines, and it is 
generally along them that the main lines of quartz reefs and lodes 
occur. 

These schists are usually much weathered at the surface, and 
frequently considei-ably silicified, in which cases they closely resemble 
in appearance a crushed granite or quartz porphyiy. 

The ore deposits of Wiluna fall naturally into two main classes, 
viz. : — 

(a.) The Quartz Reefs, 
(b.) The Lodes. 

Of these the latter are at the present time of by far the greater 
economic importance, as it is upon theit that the permanency of the 
district depends. 

The Quartz Reefs, — By reference to the accompanying map 
of Wiluna, it will be seen that the quartz reefs exhibit a very' 
marked degree of parallelism, and also that they fall into two main 
gix)ui>s, an eastern and a western. 

The eastern group includes the Caledt-nia. Black Swan, Try 
Again, and Lake Way lines of reef, with their southerly extension; 
whilst the western group includes the Monarch, Lady of the Lake, 
Weeloona, and Golden Age lines. At the south end of the field is 
a third main parallel series, incfuding the l.awler's reef, and what is 
kiu)wn as the ''Buck*' reef of the Gwalia Consolidated; this series 
probably is the continuation of a w^ell defined line occurring at the 
north end of the field in the Lady Margaretta and Denvent leases. 

Within these gi'oups the individual reefs are often of great size, 
frequently reaching twenty feet in thickness, and rising as conspic- 
uous hills of quaitz to as much as 40 or oO feet above the surrounding 
countiy; at times they outcrop as continuous bodies of quartz for a 
distance of fully a mile, and at others they consist of a series of 
lenticular bodies of varying length, these sometimes overlap and at 
others are separated by a distance of over a chain. In the case of 
this latter class of reef the quariz bodies as a rule do not occur in an 
exact straight line, but lie either to the right or to the left, the dis- 
placement usually varying from half-a-chain to one chain. Even 
when the reefs outcrop continuouslv thev exhibit a niaiked lenticular 
habit. 

In many cases the quartz lenses owe their displacement to small 
cross faults, these being often marked by small veins of (juartz, but 
this does not appear to be always the case; several of these small 
cross faults are especially well marked in the case of the liake Way 
reef. 

All the quartz reefs occur within well defined narrow belts of 
sohist which mark main shearing, or fault, lines; these schists are 



19 

best detiued and most noticeable alonjj: the line of the lenticular 
quartz bodies and are particularly well developed along: the Weeloona 
line. 

The best idea of the greneral extent, etc., of these reefs can be 
?Dt by a reference to the map herewith. 

In this District attention was first paid to the quartz reefs which 
have been worked on and off for twelve years, but little or nothing 
has been done below a vertical depth of 250 feet, and at the present 
time most of the work is being carried on by small parties of men 
who are "picking'* cnishings from near the surface. 

Generally speaking, developments have not proved very satisfac- 
tory, for although the reefs are large the gold occurs only in small 
and irregular shoots, whilst the bulk of the slone is too poor to crush. 
These slioots, which apparently have a tendency to cut out at a 
shaDow depth. occuV usually near the walls of the reefs, sometimes 
('II the luinging and sometimes on the footwall, whilst at times the 
whole width of the reef carries payable values 

As far as development in depth has gone the reefs, though ex- 
hibiting' their lenticular habit vertically as well as horizontally, show 
no signs of cutting out and personally I think they should live to a 
very considerable depth; the permanency of the quartz, however, is 
of very little economic importance if the gold should cut oat, and, 
nnfortunately, so far such appears to be the tendency. 

A fuller description of the individual quartz reefs will be found 
under the heading of the leases on which they have been worked. 

The Lqdes. — These have been worked principally towards the 
southern end of the district where, in addition to oc<?urring in par- 
allel series with the main lines of quartz reefs, they are found run- 
ning practically at right angles to them, the two series probably 
having an intimate connection. 

The lodes consist of zones of criL^ied rock marking old fault, 
or shear, lines along which the country rock has been crushed and 
shattere<l over a considerable width, and cleavage planes and cracks 
•have been formed, along which gold-bearing solutions have had ac- 
eess. Within the weathered zone near the surface the extent of this 
shattering with its resultant cracks has been vei'y considerable and, 
the rocks being soft, the gold-bearing solutions have to a certain ex- 
tent been able to percolate on either side of the ci*acks and fissures, 
thus impregnating the country rock over considerable areas; this ac- 
counts for the apparent great size of the pre bodies and their irregu- 
larity near the surface, the gold values being naturally higher where 
the cracks and cleavages are most numerous and low in those parts 
which have to a greater extent resisted crushing and fracturing. At 
a depth, when more settled and un weathered count ly is met with, the 
lateral extent of these ore bodies will probably be- found to become 
considerably less and the values to follow well defined channels in- 
stead of, as in the present workings, being disseminated through 
ornsiderable widths of weathered country. 
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These channels are of undoubtedly deep-seated orijrin and there 
need be no fear whatever as to the pi-obable pernmnency of the ore 
bodies; whether or not the j^old vahies will live down with them is 
a matter which can only be definitely settled by actual deep work. 
Allowing for a certain decrease owing to the enrichment within the 
zone of oxidation there is no i*easou whatever why they should not 
do so. 

The series of shear (fault t) lines along which these ore bodies 
occur appears to be part of that along which the large quartz reefs 
are found, since, in one or two instances, the quartz i-eefs can be seen 
on the surface to die out and give place to the typical lode forma- 
tions. 

In these lodes are frequently found small deposits of massive 
stibnite (sulphide of antimony) which are said to be high in gold 
contents, but so far no effort lias been madte to ti'eat them. Their 
occurrence seems to be restricted entirely to the lodes for, as far as 
I was able to leani, stibnite has not been found in any of the quartz 
reefs. It is not as a rule found disseminated in small quantities 
throughout the ore but usually occurs in small lenticular bodies con- 
taining up to perhaps a ton or more, and can thus be easily separated 
from the ore and put aside; consequently it does not interfere to any 
great extent in tlie metallurgical treatment of the ore. Samples of 
stibnite are said to have assayed as high as ITozs. of gold per ton, 
but this appears to be exceptional. 

It is only comparatively i-ecently that these lodes have been 
worked in the district and nothing has been done on them to any 
depth; on the Gwalia (\)nsolidated, which is the oldest line worked, 
the workings are all at the 100 feet level and on none of the other 
lines has anything been done at a greater depth. 

Systematic prospecting should result in the discovery of many- 
other of these *'lodes" as the schist belts (shear lines) along which 
they occur are plentiful and well defined, and it is therefore only 
natural to assume that other payable ore bodies ^^^ll be met with 
along them. ' 

Alluvial Gold.— A few small patches have been worked at the * 
south end of the district for alluvial, or more correctly speaking, 
detrital, gold where it appeal's to have been obtaine<l Avithin a few 
inches of the surface, and several good sized pieces ai-e said to have 
been found. The patches have long since been worked out and no- 
thing is being done in this line now. 

Water SuppI if. —The district as a whole is well supplied with 
water; at the north end of the field this is fresh, but at the south end, 
towards Lake Way, it is salt and the level is only about thirty feet 
but the supply is inexhaustible. Towards the north end the level 
varies from oO to SO feet and the supply is plentiful. 

It is only in the vicinity of the Lake that salt water is met with, 
the supply throughout the field, as a whole, being fi^sh. 

Timber. — Timber is somewhat scarce in this district, and the 
supply is practically all mulga, the best being rapidly cut out; there 
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kj however, a fair amount of firewood still available. A little gum 
timber is procured along the creek beds^ but the supply is very 
limited. 

Table showing the Yield from the Wiluna 
Mining Centre up to the end of 1907. 



Yaar. 



1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 

Total .. 



Ore 
cnishAd. 



Gold 
therefrom. 



tons. 
40.00 

2,473.66 

6,101.36 
15,541.00 

6,716.00 
30,648.00 
23,816.00 
13.097.50 
20,408.60 
21,203.82 
32,889.00 



172,933.72 



Itate 
|)er ton. 



OZB. 


cm. 


♦296.70 


7.41 


13,066.68 
i 4,748.29 


1.24 


.78 


10,567.70 


.68 


7,256.73 


1.08 


13,696.86 


.45 


9,274.17 


.39 


9,526.37 


.73 


§11,018.50 


.54 


8,969.90 


.42 


13,097.44 


.40 


||91,51&3i 


'53 



* Includes 106' 39oz8. dollied. * Includes 428.47 
ozs. doilied. X Includes 2.20 >zfi. dollied. § In- 
cludes .21oz. dollied. I! Includes 537.27oz8. dol- 
liej. 



THE MIKES. 

Monarch of the East, G.M.L. 137.— This property was aban- 
doned at the time of my visit and the workings could not be inspected. 
The main line of reef worked is strong and well defined, running 
thioagii almost the full length of the lease on a bearing practically 
due north and south and dipping steeply to the west. In addition 
to this, there is at the north end of the lease a second parallel and 
much smaller reef a chain or so farther west on which a little work 
has been done. 

Towards the south end of the lease, the main reef cuts out, but 
tDother make of stone comes in a chain or so east and runs for a 
ihf)Tt distance when it also dies out and a third make comes in an- 
otlier chain farther east; this third Iwdy of stone continues as a 
itrong reef right through the adjoining lease (Lady of the Lake). 

All the quartz bodies are probably formed along one main line 
of shearing, this being apparently the same as that on which the 
Weeloona reefs are situated. 

The main Monarch reef is said to have been very irregular in 
oae, varying from a few inches up to eight or nine feet : the shoots 
of gold are also said to have been in*egular and small. 

Lady of the Lake, G.M.L. 442. — On this lease, which adjoins the 
Monarch on the south, a good deal of work has been done down to 



22 

water level; these workings however were abandoned and were in- 
accessible. At the time of my visit a little prospecting woric was 
going on along the surface in the hope of picking up a new shoot of 
«it)ld. The reef i.s large and well defined, being up to ten and twelve 
feet in width ; the quartz is haitl and white and often a good deal 
laminated. 

The gold occurs in small irregular shoots, being usually found 
on one or other of the walls; these shoots are said to have been very 
irood at the surface but to have cut out at a fairly shallow depth. 
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Highland Mary, G.M.L. 674.— This is another abandoned lease, 
hat only a little work has been done on it. There is a very large 
body of quartz here, the main reef extending through the full length 
of tiie lease, and being up to twenty feet in thieknesss at the surface. 

Towards the south end there is a second parallel reef lying a 
eoople of chains to the west. Both these reefs strike slightly west 
«>f north, and underlie steeply to the west They have the usual len- 
tieiilar character, but not to such a marked extent as some of the 
reefs. Very little stone has been crushed, and the results were not 
satisfactory. 

This reef is on the same line as the preceding one, and also as 
tieWeeloona. 

Up t<) the end of 1J)07, the total stone cruslied from this lease was 
44 tons for 11.53 ounces. 

Weeloofia, G.M.L. 326. — A lot of work has been dune ou this 
ase down to water level, but it is n(»w abandoned, and the work- 
ings are inaccessible. 

The reef consi.sts of a series of le;ntieular bodies of quartz var>- 
ing in length from two to eight chains, and usually separated by 
a distance of twenty to sixty feet, all occurring within a well defined 
belt of schist a couple of chains in width. A little south of this 
lease these quartz bodies die out, but northward they continue in 
a well-detined line f(U' a distance of over a mile, having a general 
trend a little north of north-west; in this direction some of them are 
of considerable length, one on Machine Area 23 i-eaching over 
twenty chains in length, and being up to twelve" or fifteen feet in 
thickness at the siu-face; little or no work has been done on any 
of them north of the Weehwna. 

On the Weelo<ma the average width of these quartz l>odies on 
ti»e surface is three to four feet, and they have a uniform underlie 
to the west of 60 to 70 degrees; the footwall as far as could be seen 
i«very clean and regular, but the hanging-wall is not so good; tlie 
qnartz being clean and white and veiy hard. 

In speaking of this property in 1898, Mr. Blatchford says: — 

** along Uie 70 feet level the reef varies from IS inches to 

twee feet in thickness. A large (|uantity of the quartz, which is 



tt«tu»?'^;^'^**t flsures given throughout this report have been supplied by the 
JJKW8 Branch of the Mines- Department and are complete up to the end of 

h.?TL°* ^ ^**f manner In which the returns have been made in past years 
"JMOeen found impossible to obtain the exact returns from individual leases 
.. i!L Jw 'f^iue^^y been included with those from other leases when they 
«♦ J!f° * property of the one Company, e.//., the returns from the Der- 
w are given partly under the heading of the lease ILself and partly included 
«oae of two separate companies owning a large number of leases, it being 
i«2*** !i**ISr ^**®'' *n»P08«*ble to separate the returns from the different 
'w«. and this occurs In many other cases. 
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of tbt* white opaque variety, is charged with a dark hard mineral, 
which, o!i analysis, i)nived to !)e sulph-aiitiiuonide of lead and cop- 
per, the cop[)er ])ein^ hirgely in excess. Carbonate of copper stains 
are also of connuon experience.*' 

Table Hhowiiuf the Yield of the Weeloona Lease. 



Year. 


1 

1 \ame and Number of Lease. 


Ore 
CruRhed. 

tons. 


Gold 
therefrom. 

OZ8. 


Bat0 
per ton. 




OZ0. 


l.s;)7 


Weel(M)na. (i.M.Ls. 


181. 




♦15.59 


■• 


1H!W 


1) . 


.. 


128.00 


2.15. 00 


1.84 


I8i«» 


1) » 


.. 


Uili.m 


206.74 


1.55 


1J*04 


1 n.. 




;}64.0() 


122.22 


.34 


1905 


I )' ». 


.. ! 


2.35.00 


185.17 


.79 




! T.tal .. 




860,00 


764.78 


-89 


-- - 


~ — 


• UiJiM. 


_- 


,— 



Durl'nujtun, (r.M.L. 87"). — This lease is o\\ the north end of tbe 
western ;xroup or line of leetV, which includes those of the Derwent 
and Lady Margaretta. 

On the north end of the leai^ is a larp:e quartz reef iiinning 
north and south, on which a little work has been done; towards the 
middle of the lease this reef has been faulted, and thrown about 
five chains to the east by a cross reef striking: north-west and south- 
east, and dipj)ing to the north-east. 

The main reef is up to three and four feet in width at the sui> 
face, and is of tht? usual hard white quartz. 

This lease has been abandoned for some time, and tbe work- 
ings wei-e inaccessible. The total stone crushed up to the end of 
1907 was 40 tons for 43.14 ounces. 

JJenvent, (i.M.L. 149.— Running througrh this lease and north- 
wanls into the Monarch of the Kast is a larg:e quartz reef striking 
almost due noi*th and south, and underlying* at a steep angle to the 
west. Tliis reef outcroj)s continuously over a length of about fifteen 
chains, and on the surface has an average thickness of four to eight 
feet. A good deal of work has been done on it down to a depth of 
about 120 feet, but the workin^j-s have been abandoned for some time, 
and were inaccessible. 

In describiufr these wen-kin jj-s, Mr. Blatchford in 1898 states 
that ** Along the oO feet level the vevi' has an average thick- 
ness of eiirht feet; the character <»f the quartz is white 

and opa<|ue, bcin.ir nuich honey -co nilnnl in places; it contains free 
gold, iron pyrites, and probably s«)me small quantities of copper, 
sulphides.'^ 

At the time of my visit a little work was being done near the 
surface on a small vein of jrood stone running along the hanging 
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wall side of tlie main leef ; this vein was from six to eighteen inches 
in tfaiekness, and was said to be fairly «:ood. bnt the shoot was of 
short length, and was nearly worked out. 

From what I was able to gather it appears that the original 
workings were on a similar small vein, and that tiie shoots of good 
^one were small, being of no value. 

The returns from this lease subsequent to 1899 were inchided 
partly in those of the Lake Way Goldfield, 1S99, Ltd., and partly 
in the Gwalia Consolidated, Ltd. 

Table showing the Yield of the Dencenl Lease. 



Yw. 


Name and Xumlier of Lease. 


Ore 

Crushed. 

tons. ; 
98.. 30 ! 
66.00 


Gold 
therefrom. 

OZB. 

223.14 
127.83 


' flate per 


1898 
1899 


Derwent, G.M.L. 149 .. 
Do. 

Total .. 


' o/S. 

2.27 
■ 1.94 




16130 


35097 


2.13 



Derwent South and Lady Margaretta, G.M.Ls. 378, 37;"). — On 
these leases the main line of reefs runs a good deal more west of 
north than in the Derwent, and on the fonner very little work has 
been done, but on the Lady Margaretta (late Gem G.M.L. 469) a 
srood deal appears to have been earned out above water level. Hotli 
these leases are at present abandoned, and the working.^ were in- 
aeeessible. 

On the Lady Margaretta the reef is of the usual lenticular form, 
•warring in a well-defined wide belt of schist, the quartz bodies, or 
having on the surface a width of from two to four feet. 



Tt^le showing the Yield of the Gem Lease (now Lady Mart/oretta). 



Tcir. 


Name and Number of Lease. 


Ore 

Crushed. 


Gold 
therefrom. 

ozs. 
214.92 

90.83 
153.30 

52.45 


Rate 

per t^m. 


1896 
1899 
1901 
1902 


Gem, G.M.L. 340 

Do. 

Gem. G.M.L. 469 

Do. 

Total .. 


tons. 

226.55 

100.00 

161.00 

67.00 


ozs. 
.95 
.91 

1.02 

.78 




54165 


511,50 


'94 



Caledonia, G.M.L. 161.— This lease is situated on the noith en<l 
of the eastern, or Black Swan group, which includes the reefs of the 
Dark Horse, Black Swan, Try Again, and Lake Way leases. 

The reefs comprising this group, and running through the above 
and other leases for a total length of over two miles, are not actu- 
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ally continuous, but consist of a series of lenticular b<Klies of quartz 
occurrinjr along the one well-defined shear or fault line; the len^li 
of these bodies varies considerably as also does the distance between 
tiiem ; this can best be seen by a reference to the map herewith. 

On the Caledonia are two reefs, an eastern, on which all the work 
has beeti done, and a western; the former having also been worked 
on the Dark Horse, the adjoining lease on the south. 

The western reef is by far the laigeert, and outcrops as a ccHittn- 
uous body for a distance of over half-a-mile; it is of hard white 
quartz, and up to twenty or thirty feet in width in places; little or 
no work has been done on it, and its gold contents appear to be niL 
The eastern reef is nuich smaller, averaging in width from two to 
six feet ; the quartz appears to be continuous right through this lease 
and into the next, having a total length of over twenty chains; the 
strike of the reef is about 30 degrees west of north, dipping steeply 
to the west. A good deal of work has been done on this reef, but 
the old Avorkings have been abandoned, and they were in-accessible. 

At the time of my visit a little work was being done near the sur- 
face at the north end of the lease, the shoot being said to be small and 
to be nearly w^orked out. As far as I could learn all the shoots of 
gold were small and irregular and did not live down, the bulk of the 
stone being too poor to pay for working. 

The main shaft on this property is down to a vertical depth of 
250 feet ( f ), and at the present time it is being used as a frerfi water 
shaft by the Gwalia Consolidated, Ltd., the supply being fresh and 
abundant. 

In 189S a return is given of 294 tons of stone crushed, which 
yielded 296.10 ounces of fine gold, but since that date the I'etums 
have been included with the Lake Way Goldfield, 1899, Ltd. 

Dark Horse, G.M.L. 169. — Upon this lease a good deal of work 
has been done on the same body of stone as on tlie preceding lease, 
and also on several other reefs farther south along the .same line 
(see map). All the workings, however, are now abandoned, and 
were inaccessible. 

The quartz is of the usual hard white and opaque variety, and 
on the surface varies from two to six feet in thickness. The gold is 
said to have occurred in small irregular shoots, and de\'elopments were 
not satisfactory, whilst these shoots appear to have been principally 
on tlie foot wall side of the reef, as most of the work seems to have 
been done on this side. 

At the present time a little prospecting work is being carried on 
on tlie surface near the south end of the lease. 

In his report on this property in 1898, Mr. Blatchford states: — 

" On this reef there are two shafts with a vertical depth of 

45 and 70 feet respectively. Driving has been done to some extent 
both north and south along the reef, which varies from two to eight 
feet in thickness. A water shaft to the west, 6.5 feet deep, contains 
good water for drinking and doitiestic purposes.'* 
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Black Swan Leases, G.M.Ls. 170, 332.— Between these lease 

»nd tbe Dark Horse there is a considerable break in the line o 

<^(\ait£ "bodies occurring over a lengrth of eight to ten chains. Q 

t\« black Swan lease (G.M.L. 170) the nmkes of quanz are not s 

wntinuous as usual, being with the exception of that at the nort 

eid, only four or five chains in length; they are large, howevei 

often reaching on the surface a thickness of over twelve feet; th 

lortb body has an apparent continuous length of about ten chains 

good deal of work has been done on this lease, but the working 

re now abandoned, and inaccessible. On the adjoining lea.«^ t 
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the north (G.M.L. 332) a little work is being done near the surface. 
The gold in this reef has been found principally on the hanging- 
wally but the shoots were small and irregular, the bulk of the stone 
being of no value; in size the reef varies from four to twelve feet, 
and is of hard white opaque quartz. 

Near the south end of the lease a little surface prospecting 
is being done on another large body of quartz in the hope of picking 
up a new shoot of gold. 

The returns from these leases between the years 1898 and 1906 
ai*e included in those of the Gwalia Consolidated, Ltd., and the Lake 
Wav Goldfield, 1899, Ltd. 
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Try Again and Try Again Extended, G.M.Ls. 677, 94Q."Tijese 
leases are both farther south on the same line as the Black Swan. 
A good deal has been done on the Try Again, but most r»r the t>hi 
workings have been abandoned, and the work at present hein^ car- 
ried on is all at, or near, the surface; only a little prospecting is 
being done on the Try Again Extended. 

The reef on these leases consists of the usual series of Itfiiljcular 
qaartz bodies, which vary greatly in length and size, some of tlieih 
being up to 12 feet in thickness. 

The shoots of gold appear to have occuiTed both on the lump- 
ing and footwall sides of the main quartz bodies, but, as u^ual, they 
are said to have been small and in^egular. 



Table showing the Yield of the Trif Again Lease. 



V»r. 


Name and Number of Leaae. 


Ore 
Crushed. 


Gold 
therefrom. 


Rate 
per ton. 


1904 
19()5 

iyu6 

VJt)7 


Try Again, G.M.L. 677 .. 

Do. 

Do. 

Do 

Total .. 


tons. 
310.00 
244.00 
275.00 
245.00 


OZB. 

145.70 
139.76 
105.05 
400.52 


ozs. 
.47 
.57 
.38 

1.63 




1,07100 


791.03 


74 



Lake Way Leases, G.M.Ls. 162, 163.— A i-eference to the under- 
ground plans herewith (Plate I.), will show the amount of work 
that has been done on this lease. The workings have been aban- 
doned for some time, and were inaccessible, so that an inspection of 
them could not be made. 

The reef is of the usual type, consisting of a series of lenticu- 
lar quartz bodies of varying length and size; these have in several 
ca.ses been faulted across, the lines of the faults being clearly seen 
in the surface workings ; these faults are always parallel, and strike 
^li^tly east of north, dipping to the west; the displacement of the 
main line is usually about a chain, and is >^lways to the right ; in 
••ne or two cases small quartz veins have bee . fonned along the lines 
*'t' fault, which are very local, and do not extend across country 
tor any distance. 

On the surface the size of the main bodit^s of r^utirtK vm'ws 
tnmi two to eight feet; throughout the workings Uir rt-ef is^ sstiiT U* 
liave been from two to six feet, averaging three ^r imir f'ertp nnd 
"n the whole to have been a good deal more re^nlm^ tliiin is uHually 
!iie ca*^ with the quartz reefs of the district. 

Along the bottom level the quartz is said to he y:(»i(iii tltjwii jtisl 
a^ strong as ever, and with every sign of pennanency : the vnlu*>5. 
Uwever, were not veiy good. 
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The gold as usual is said to have occurred in irregular shoots, 
tlie bulk of the stone being of too low grade to be of any value. 
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T*e Brothers, G.M.L. 143.— This lease adjoins the Golden Age 
on the east, the two lines of reef being parallel. As usual, the i-eef 
is not continuous but consists of several lenticular bodies of quartz 
a chain or so apart; the general strike of these is a little north ot 
north-west and they underlie steeply to the west; in thickness varyinjr 
on the surface from two to ten feet, probably averaging abftut four 
or five feet. Even in the apparently continuous bodies of qunrtr. Ih« 
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The gold as usual is said to have occurred in irregular shoots, 
the bulk of the stone being of too low grade to be of any value. 
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T/ie Brothers, G.M.L. 143.— This lease adjoins the Golden Age 
on the east, the two lines of reef being parallel. As usual, the i-eef 
is not continuous but consists of several lenticular bodies of quartz 
a chain or so apart; the general strike of these is a little north ot' 
north-west and they underlie steeply to the west; in thickness varying 
on the surface from two to ten feet, probably averaging about four 
or five feet. Even in the apparently continuous bodies of quartz thft 
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lentknilar structure of ihe reef can be seen as^ in an old open cut, 
overiapping lenses of quartz can be seen separated by a few inches 
of country. A lot of work has been done on this lease, but it has 
been abandoned for some time and the workings were inaocesaible. 

Table showing the Yield of the Brothers Lease. 



Y«r. Name and Number of Leaee. 



Ore 

Crushed. 



Gold 
therefrom. 



Rate 
per ton. 







tODB. 


OZ& 


oza. 


1S98 


The Brothers, G.M.L. 143 


91.00 


109.72 


1.21 


\m 


1 Do 


167.00 


184.74 


1.11 


]:*Mi 


IX». 


52.00 


71.30 


1.37 


im 


1 Do 


358.00 


281.13 


.79 


mi 


1 Do. 


159.00 


89.44 


.56 


1WJ3 


1 Do 


44.00 


55.98 


1.27 


\m 


1 Do 


762.00 


838.50 


1.10 


lyoo 


1 Do. 








r>i6 


, Do. 


1,150.00 


867.10 


.76 


19117 


\ Do 

Totol .. 

1 


202.00 


213.12 


1.05 




2,966.00 


2,7U.03 


.90 



Golden Age and Golden Age South, G.M.Ls. 140, 928.— A lot of 
»«'rk has been done on these properties, more especially on the former, 
'iie extent of which may be seen by a reference to the mine plans 
Jierewith (Plate II.), whilst on the latter no work has been done be- 
"•^ water level. 

The workings on the Golden Age have been abandoned for some 
'•me past and were inaccessible, so an inspection of them could not be 
'iiade. The quartz is here more continuous than is usually the case 
^»u^h the lenticular structure is still present. The madn line of 
^i worked extends through the full length of this lease and also, 
I'nkenly, through the south lease; its strike is about north-west and 
K^ underlie steeply to the south-west. On the surface the quartz 
frequently reaches as much as 12 feet in thickness and throughout 
iW main workings it is said to have varied from 3 to 13 feet, averag- 
I'k? about 6 feet. The gold is reported to have occurred in irregular 
patches and not uniformly through the stone, the bulk of which is 
' '» poor to be of any value. 

On the Golden Age South lease a small party is working near 
'^^ surface on a small seam of good stone alongside the main reef ; 

i^'JO'stematic work is being done however. 
Just outside the west boundary of these leases is a verv' large 
^iite quartz reef running parallel to the main line ; this reef is f re- 
•^ntly as much as 20 feet in thickness and in one place rises as n 
'^ Mil of quartz to a height of 40 or 50 feet ; its northern end is 
-^ a few chains north of the Golden Age and from this point it 
•'IS south-easterly as a practically continuous body of quartz for a 
"tanee of slightly over a mile. No work has been done on t' * 
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northern ]>ortion of this reef, and it is here apparently non- 
auriferous; towards the south end a good deal has been done on it 
on the Emerald Tsle, Republic, and Lady Hopetoun leases (G.M.Ls. 
693, 644, 252), more especially on the Republic. All these leases 
are at present abandoned and the workingfs could not be inspected. 

On the surface the reef is of hard white quartz and varies frora 
four to ten feet in thickness. The workinsj-s are all above water 
level and seem to have been of rather an irrejrular nature, the g:old 
probably occuning: in small shoots which have been "rooted" out and 
the leases then abandoned. All the reefs occur within well defined 
belts of schists. 
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Table shounng the Yield of the ^Golden Age South Lease. 



Year. Naoie and Nural)er of Ijoane. 



Ore 
Crushevi. 



Gold 
therefrom. 



Rate 

per ton. 



1898 

1899 

1905 

1906 
1907 


Golden AKe South. CJ.M.L. 

139 
Golden Age Stmth.G.M.L. 

380 
Golden Age South, G.M.L. 

913 

I)o 

Golden Age South, G.M.L. 

928 

Total .. 


tms. 
36.00 

133.00 

78.00 

495, (M» 
479.00 


OZ8. 

5.85 

270.95 

55.13 

411.60 
207.57 


078. 

.16 

2.04 

.71 

.83 
.43 




i;22iM 


961.10 


.78 



* Between 1899 and 1SM)5 the returns are indudej in th'«e of the (it>lilen 
Age Consolidated, Ltd. 





Table showing the Yield of the Eepuhlic Lease. 




Year. 


Name and Numljer of Lease. 


Ore 
Crushed. 


Gold 
therefrom. 


Hate 

per t«jn. 


1904 
1905 


Itepublic. G.M.L. 644 .. 
Do. 

Total .. 


tons. 
402.00 
14.00 


ozs. 
142.88 
8.00 


«)ZS. 

.36 
.57 




416.00 


liM.88 


.36 



Essex, G.M.L. 316.— This is another abandoned lease on which 
a good deal of work has been- done. The reef i« of much shorter 
length than most of the quartz reefs of the district and strikes nearly 
east and west, underlying: very steeply south, being almost vertical 
in places. It appears to have consisted of a lenticular quartz body 
some four chains in length which has been formed along a well de- 
fined fault line which is traceable in the form of a thin zone of 
crushed rock for some distance both ways: as seen in the surface 
workings the size of the main ore body has been on the average from 
three to four feet. 

There is also a second small quartz reef on the north side of the 
main line, on which a little work has been done. This reef outcrops 
over a length of about five chains and strikes north and south being 
approximately at right angles to the main line, by which it appears 
to have at its south end been deflected to the east. 





Table showing the Yi 


"Id of the Kssex Lease. 




Year. 


Name and Numbe- of Lease 


Ore 
Crushed. 


Gold 
therefrom. 


lute 
per ton. 


lf!iS)7 
1808 
1899 
1901 


Essex. (i.M.L. 316 

l>t) 

l.)o 

Do. 

Total .. 


tns. 1 

10.00 

80.00 

223.00 ' 

15.00 


OZfl. 

31.60 
134.65 
244.07 

23.41 


OZ8. 

3.16 
1.51 
1.00 
1.56 




337.00 : 


433.73 


1.29 
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Lawless, G.M.L. 314. — This is also an old abandoned property. 
A very lar«:e white quartz reef runs through the lease and continues 
southerly for a total length of about half a mile, outcropping as an 
almost continuous body of quartz for the whole distance and reach- 
ing as much as 20 feet in thickness, probably averaging about six 
feet. The strike of this reef, which occurs along a well defined belt 
of schist, is about north-west and south-east and its dip is steeply 
to the westward. 

Lying about a chain to the west of this and within the Lawless 
lease is a smaller parallel reef on which a little work has been done; 
this reef outcrops over a length of about eight chains and is from 
three to four feet in thickness; a little work has been done at the 
north end of it but this is of no importance. 

A fair amount of alluvial (detrital) gold was got over the sur- 
face of this lease some years ago, but it has all been worked out and 
nothing is now being done; the gold was evidently shed from small 
leaders associated with the big reefs. 

Table show in tj ihe Yield of the Lawless Leaae. 



Year. 


Name and N umber uf Lease. 


Ore 
Crushed. 


Gold 
therefnmi. 


Ilate 
\y&T ton. 


1897 
1898 
1899 
1904 
1905 


Lawless, G.M.L. 34 

Do 

Ik>. 

Do 

D<) 

• 

T;tal .. 


tons. 
10.00 

'28.00 
42.00 
68.00 


ozs. 

♦55.39 

1428.47 

11.44 

7.90 

9.36 


om. 
5.53 

.41 

.18 
.14 




i4aoo 


: 512.56 
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* Include 50.85ozs. doUied. 



Dollied. X includes 479.a2oz8. doUied, 



All tiie above leases are working, or have been worked, on quartz 
reefs. There are several othei-s on which more or less work is being 
done, but they ai-e nol, so far, of much importance. 

The following are the principal leases on which "lodes" are be- 
ing worked : — 

Bulletin and Indicator, G.M.Ls. 046, 954.— Both of these leases 
are working on the same line of lode, and the workings on thr two 
pro|>ei-ties are connected along the 65 feet level, which is the greatest 
depth to which any work luis been done. 

The lode consists of a belt of sheared and shattered greenstone, 
nuicii foliated in parts, which down as far as opened is vei-y decom- 
posed and weathere<l; this belt is of very considerable widtli, being 
sonielinK*s as inucli as two chains at the surface and within it are 
found more or less well defined bodies of ore. 

The j^eneral ti-end of the main h)de line is about north-eiist and 
south-west and its underlie is practiciiUy vertical, being if anytliing 
steeply to the north-west. It runs from the south boundary of the 
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Indicator, tliroiigh the Bulletin and Bulletin North, junctioning near 
the north-east corner of this latter lease with a second main lode line 
running about north-north-west and south-south-east through the Red 
Page and R.M. leases. 

The ore body worke<l in the Bulletin has an average width of 
three to four feet and has heen opened up for a length of about three 
hundred feet at the (>5 feet level but not much stoping has been done. 
The main shaft is down about 110 feet and gfx>d vahies are said to 
have been obtained at tliis depth; no work, however, has been done, 
beyond sinking the shaft, below the 65 feet level. There are no de- 
fined walls to this ore body, operations simply ceasing at a point when 
values become too low to pay to work; it consists mei'ely of a narrow 
zone of cinished I'ock which has been impregnated with gold-bearing 
solutions, the impregnation continuing for some little distance into 
the uncnished country; the values are naturally highest and most con- 
centrated where the cnishing has been greatest. 

There seems to be every reason for assuming that there should 
be other similar ore bodies as these crusli lines along the main belt of 
shearing, and a little cwsscutting and systematic prospecting would 
soon prove whether or not such do occur; so far no work of this des- 
cription has been done on the Bulletin lease. During 1907, 164 tons 
•from this lease were crushed for a yield of 139.47ozs. of gold, being 
at the rate of 0.85 oz. per ton. 

On the Indicator, the same ore body has been worked and has 
been opened up for a length of about two hundred feet, also at the 
(55 feet level but not much stoping has been done; its average width 
in these workings is slightly less than on the Bulletin, and the gold 
eontents are said to be slightly lower. Only about 20 feet of cixiss- 
cutting has been done westerly on this lease which is for its full length 
in foliated (crushed) greenstone, all of which is said to carry a little 
gold ; parts of it where the cnishing is more pronounced behig staited 
to be fairly good ; no development work has been done at any of these 
bodies, neither have any crush ings been reported. 

In its nature the ore is the same in both leases, consisting of very 
soft decomposed and cnished country rock (greenstone) almost free 
from quartz and therefore sliming to a very gi'eat extent in the bat- 
tery and making veiy little sand. Being soft the ore is easily worked 
and above water it stands fairly well but below water it will, without 
doubt, require heavy timbering until hard country is met with; down 
to 110 feet (40 feet below water) there is said to be no apparent 
change. Once settled country is met with the ore bodies will he 
found to be more regular and defined, consisting of well marked 
bands of schist (crushed greenstone) ; the values will probably de- 
crease slightly below the i>oint to which oxidation has reached, but 
the channels along which the gold occurs should prove permanent in 
every sense of the word. 

On the Bulletin the water level is about 70 feet and the supply 
is said to be a good one. 
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Bulletin North, G.M.L. 959. — Very little work has been done on 
Ihis lease; the main shaft having* been sunk to a depth of about 70 
feet and a little irregular stoping carried out at this level. Nothing 
defined in the way of an ore body has so far been opened up, but the 
deposit is similar to that in the two preceding leases. The schists 
here are somewhat harder and more unweathered and the cmshing 
and shearing have not been so regular as in the Bulletin, coneequently 
the ore bodies are more irregular; driving along the strike of the 
schists, however, wotdd probably overcome this irregularity wliich 
appears to be merely local and due to certain portions of the country 
having resisted crushing to a greater extent than others. A yield 
•of 22.73ozs. was obtained during 1907 from tS9 tons crushing, which 
is at the rate of 0.26oz. to the ton. 

Red, Page, G.M.L. 967. — A similar class of deposit to that in the 
Bulletin is being worked on this lease, but only a small party is work- 
ing on it and not much is being done. The ore body, which runs 
about north-north-west and south-south-east, dipping steeply to the 
west, is said to be two feet wide and fairly good. It is exactly simi- 
lar in its mode of occurrence to the Bulletin ore body, and as it occurs 
along a well defined belt of schists (shear line) systematic prospect- 
ing should be well worth carrying out in the hope of picking up 
similar parallel bodiea 

From this lease, during 1907, 197 tons of ore were cnished for 
a yield of 228.30ozs., being at the rate of 1.16ozs. to the ton. 

Moonlight and Adelaide, G.M.Ls. 870, 940.— The same line of 
lode is being worked on both these leases, but all the developments 
of any importance have been done on the Moonlight. 

The lotle line runs on a bearing slightly east of the north-east and 
west of south-west, turning somewhat more south-westerly on the 
Adelaide, with an underlie at a fairly steep angle to the northward ; 
it consists of the usual belt of crushed and foliated greenstone 
schists carrying payable gold values along certain fairly well defined 
lines. 

Running through the middle of the lease at right angles to the 
lode line, i.e., about north-west and south-east, is a second well de- 
fined similar belt of schists (shear line) some two chains or more in 
width. This is Uie older and main line and can be followed on the 
surface for a long distance both northerly and southerly from this 
point ; the lode line cuts right through this belt and it Ls at, or close 
to, the intersection that the best values are met with. 

Along the lode the gold values occur along the lines of greatest 
crushing and foliation, certain portions which to a greater extent 
have resisted crushing being almost barren of gold. The ex-tent of 
the ore bodies is somewhat irregular as the country on both sides of 
the main lines have to a certain extent become impregnated, and so 
also along small irregular fracture lines going off from the main 
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line. Certain small seams carrying values have also been met with 
along the line of the older (north-westerly) belt of st'hist, but these 
have not been opened up to any extent, as pra^-tieally all the work 
has been on the other line. 

The lode has been opened up at the 70 feet level for a total 
length of about 350 feet and a little crosscuttinjf has been done, but 
ven- little stoping. Work is at present beinf»- carried out at the west 
end at the 70 feet level where the ore body has a niaximuni width . 
of about ten feet but it is not well defined, and the values are some- 
what erratic. This body consists of a zone of rock which has been 
fcmsiderably more crushed and fractured than the enclosing por- 
tions, thus having given freer access to gold-bearing solutions. Other 
similar ore bodies are known to occur throughout the workings but 
not much has been done on them. The whole of the count ly within 
the shear zone, probably as much as two chains in width, carries a 
little gold but not enough to be payable. Owing to the in-egular oc- 
currence of the payable ore bodies the whole deposit needs very care- 
ful prospecting and sampling to enable its true value to be deter- 
mined. The irregidarity of the ore bodies will probably cease when 
settled country is met with as the crushed zones, along which they 
occur will then be better defined and there will not be so nuich im- 
pregnation of the enclosing rock. Just at the intersection of the 
two main lines of shearing there will however always be a certain 
amount of irregularity in the occurrence of the ore bodies owing to 
the broken nature of the countiy at this point. 

So far throughout the workings both the ore and the "country" 
are very soft and rotten, work being easy on this account, but the 
country, although standing pretty well above water level, vvill j)rob- 
ably require extensive timbering below. The ore is almost free from 
quartz and slimes largely during batter>' treatment. 

Small patches or pockets of massive stibnite (sulphide of an- 
timony) are occasionally met with in the workings on this lease, 
which are small, rarely exceeding a few feet in leng-th, and a foot or 
so in thickness and can readily be separated from the rest of the ore. 
These pockets are said to be high in gold values, but so far no effoii: 
has been made to treat them. 

On the Adelaide, which joins the Moonlight on the south-west, 
a little work has been done along the same line of lode. The ore 
bodies here have the same characteristics, being merely narrow zones 
of more highly crushed rock which have become impregnated with 
gold. 

The workings are only down aliout 60 feet, and about 100 
feet of driving has been done, but no stoping and no crushing have 
been made to date. No crosscutting has been done, which is abso- 
lutely necessary to prove the existence, or otherwise, of parallel ore 
bodies such as are likely to occur in a deposit of this natui*e. 
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Table shoxvinfj the Yield of the Moonliffht Lease. 



Vaar. .Varne and Number i«f Lease. 



1905 M(M)nligrht, G.M.L. 870 .. 

1006 Do. 

1007 Do 

Total .. 



Ore 
Crushed. 


Gold 
therefrom. 


liate 

per toil. 


tons. 
212.00 
436.00 
707.00 


OZB. 

95.37 
156.07 
351.76 


OZB. 

.45 
.36 
.50 


1,365.00 


60320 


.45 



Mother of (hcalia, (J.M.L. 053.— This lease is situated on the east 
side of the Adelaide, and on it a little work has been done on a 
couple of small parallel lode lines nnming north and south-east; 
these have heen oi)eued up over a width of two or three feet, but no 
work of any importance has been done on them. A lot of massive 
stibuite occurs on both lines, and it is apparently this that has been 
worked as it is said to be highly auriferous. 

(iualia Consolidated, Ltd., G.M.Ls. 140, etc.— A reference to the 
underuround plans herewith (Plate 111.) will show the amount of 
work that has been done on this property. 

The lode is similar in nature to that in the Moonlight and Bulle- 
tin leases, consisting of a wide belt of crushed and shattered rock 
carrying in parts ]>ayable gold values. It runs almost due north and 
soutli, and is very ])ei'sistent in strike; owing, however, to the debris 
find recent dejxisits which cover the gnmnd to the northward, it 1?^ 
diflicult to trace the line on the surface in this direction, but it pro]) 
ably follows a course as shown on the nmp. About tiie centre of ihe 
property the main lode appears to he faulted by a large "buck'* 
(juartz reef, which runs about north-west and south-ea.st, and can be 
followed on the surface for a considerable distance (src i)lan). The 
two portions of the lode to the north and south of this reef are known 
as the "north" and "s(mth" lodes respec»tively. 

Most of the work has been done on the north lode, which ap- 
pears to consist of two main crush, (»r shear, lines separated by about 
oO feet of more or less shattered and crushed country rock; these 
two nuiin line^ con.^ist of bands of highly foliated rock, which, owing 
to their foliation, have given fi-eer ac(»ess to gold-bearing solutions. 
Their width v^aries a good deal, the east em one, on which most de- 
velo]iment has been done, having been worked over an average width 
of ai)out IT) feet, while the western one is a good deal smaller. 

As above stated, tiie count ly between these two bodies is more or 
less crushed and shattered (greenstone), and along the fracture lines 
gold-bearing solutions liave had access, and have impregnated it 
for some distance on eithei- side. Where these cracks aiid cleavages 
are most numerous the impregnation has of course been greatest, and 
the gold values have risen sulliciently high to enable much of the 
country to be classed as ore. At the north end this impr^nation 



has been so uniform that the whole of the country between the two 
main lines (60 feet) has been stoped, and so also at the surface of 
both the north and south where the whole formation has been mined 
by means of a large open-cut 60 to 70 feet in width. 

Even the main ore bodies are irregular, as they have no defined 
walls, and there are continually small spurs, or makes, of ore, going 
off from them ; the values also vary a good deal even along the main 
lines aecording to the amount of foliation and crushing that has 
taken place. 

On the south lode not so much work has been done as on the 
northern one, although the deposit here is just as large and, if any- 
thing, more irregular, the main line being less defined. 

At a depth, when more settled country is met with, the great 
size and irregularity of these ore bodies will probably decrease, and 
they will develop into certain well-defined belts of schist (crushed 
greenstone), along which the gold values will be found. The en- 
closing country, always more or less shattered, will probably be found 
to be barren of gold except immediately along small fracture lines. 

Although this property has been worked some six or seven years, 
nothing has been done below the 100 feet level, beyond sinking the 
main shaft to a depth of about 200 feet, and there is still a very large 
amount of ore in sight above this; most of the ore milled has been 
taken from several huge open-cuts carried down to 50 or 60 feet from 
the surface for a width varying from 20 to 60 feet. 

At the north end of the leases a little massive stibnite is found 
in the lode line; this is in well-defined patches, and does not, as a rule, 
occur in small quantities throughout the ore, and so does not interfere 
to any extent in the treatment. 

The mine is situated on low-lying country near Lake Violet 
(Lake Way), and the original water level was about 30 feet, the 
supply being salt and unlimited. 



Table showing the Yield of the Gwalia Consolidated, Ltd. 



I 
Year. ; Name and Number r>f lisase. 



Ore 
CruBhed. 









tons. 


1902 


Gwalia Cunaolidated, 


Ltd., 


11,074.00 




G.M.L8. 149, 170, 


316, 






516, 634. 540/2, 545/9, 






650/1, 569, 906, 930/1, 






937, 943/4, 952 






1903 


Do 




3.H43.00 


1904 


LK) 






1905 


l)o 




16,577.50 


1906 


I)o. 




16.278.82 


1907 


Do 




28,869.00 



Gold 



Total 



* By Cyanide 



liate 



therefrom, jper t(j 



<»Z8. 

4.710.97 



1.562.63 

♦ 3,624.64 

6.770.90 

r),:no.o7 

10,675.90 



76,833.32 ! 32,675.U 



OZK. 

.43 



.41 



.41 
..33 
.37 

A3^ 
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Wiluna Queen, G.M.L. 961. — This lease is situated at the ex- 
treme south end of the district close to the edp:e of Ijake Violet 
(I>ake Way), A little work has heen done on a narrow belt of 
schist running: about nortli and south, which has been opened up 
to a depth of about 20 feet, but nothing further has been done. 
There are three or four feet of lode matter exposed, but the values 
are said to be very low. The developments up to the present have 
not been of a very important nature. 

Table showing the Yield from Leases at Wiluna, other them those 
already given, up to the end of 1907. 



Year. 



N&me and Number of Lease. 



Ore 
Crushed. 



Gold 
therefrom. 



VM)7 
IJMH 
11)04 
1JM)4 
11M)2 
1I>07 
1899 
1898/9 
1904 
1901 
1897 

1904 
1898 
V.HH) 
1904/G 
1905/6 
1898 

1898/9 

1902 

1898/9 

1900 
1907 
1904 

1905 

1899 

1898/9 

1904/6 

1900 

1898 

1906/7 
1907 
1907 

1904/5 
1906 



Uijf Lode, G.M.L. 976 .. 
Ikinanza. G.M.L. 507 .. 
Hn.thers Smith, G.M.L. 704 
Clear View, (i.M.L. 751 
Cygnet, (J.M.L. 536 
Dudley C^tle, G.M.L. 970 
Kthelstone, G.M.L. :U2 .. 
KeJeral, ii.M.L. 153 
Federal, G.M.L. 6;U 
Fixed l>eiM)8it. G.M.L. 531 
Golden Ag© North, No. 1 

G.M.L, 311 
Great Wonder, Ci.M.L. 740 
Inverness, (i.M.L. '227 .. 
Kingfisher, G.M.L. 920 . . 
Lady Wiluna, G.M.L. 837 
Lake View, G..M.L. 905 
Lake Way Ck>n&>ls, G.M.L. 

335 
Lake Way Consols Ex- 
tended, G.M.L. 342 
Lake Way Extended, G.M.L. 

589 
Lake Way Queen, G.M.L. 

237 
Little Wonder, G.M.L. 413 
Lone lland, G.M.L. 956 
Margaret Ewen, G.M.L. 

708 
Margaret Ewen, G.M.L. 

871 
Monarch and Derwent 

United, G.ALL. 333 
Monarcii North, G.M.L. 

328 
Mujnlight North, G.M.L. 

798 
Off Chance, G.M.L. 403 
Queen of Lake Way, 

G.M.L. 157 
Squib, G.M.L. 917 
White Swan, G.M.L. 980 
Wild Duck, G..M.L. 990 
Wiluna Star, G..\LL. 730 
Woodcutter, G.M.L. 911 

Sundry Claims 



Itate 
per ton. 



Total .. 



tons. 


era. 


rZ8. 


27.00 


9.40 


.35 


13.00 


4.73 


.36 


54.00 


15.03 


.28 


60.00 


7.17 


.12 


79.00 


31.35 


.40 


27.50 


1.93 


.07 


18.00 


8.14 


.45 


135. (M) 


73.55 


.55 


166.00 


65.68 


.39 


12.00 


8.38 


.70 


KLOO 


96.24 


9.62 


215.00 


89.86 


.42 


37.75 


5.16 


.14 


49.00 


16.85 
♦212.94 


.34 


322.00 


93.40 


'.'29 


38.00 


26.11 


.69 


77.00 


116.16 


1.51 


100.00 


104.49 


1.05 


58.00 


48.12 


.83 


30.00 


15.51 


.51 


80.50 


17.96 


.22 


140.00 


68.10 


.49 


189.00 


114.13 


.60 


10.00 


2.95 


.29 


69.00 


18.59 


.27 


597.00 


216.30 


.36 


37.00 


16.12 


.44 


50.00 


21.34 


.43 


131.00 


30.50 


.23 


28.00 


7.61 


.27 


18.00 


8.84 


.49 


440.00 


205.40 


.47 


30 . 00 


17.03 


.57 


1,585.15 


912.10 


.58 


4,932.90 


2,707.17 


.64 



* ay Cyanide. 
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. Page 
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. . ae, 37 


Alluvial Gold 


.. 20 


Barrambie 


■ 7, 8, 12 


Barrambie Perseverance lease 


15 


Barrambie Ranges 


. 7,8,9 


Barrambie Ranges G.M. Co 


■ . 9, 11 


Barrambie South lease 


. 10, 11 


Big Lode lease . . * 


' 40 


Blaek Swan Group 


. 25, 29 


Black Swan leases 


. . 27, 28 


Black Swan North lease 


• 28 


Black Swan Reef 


■.27,29 


Blatchford, T. 


.,24,26 


Bonanza lease . . 


40 


Brothers South lease 


40 


Brothers, The 


.. 30,31 


Bulletin lease 


.. 34,35 


Bulletin North lease 


.. 35,36 


Caledonia lease 


25, 26, 27 


Caledonia Reef 


. .. 18 


Cardigan lease . . 


16 


Cardigan North lease 


16 


Clear View lease 


40 


Cygnet lease 


40 


Dark Horse lease 


25. 26, 27 


Darlington lease 


24 


Derwent lease 


i:\24.25 


Derwent South lease 


. .. '25 


Dudley Castle lease 


40 


Emerald Isle lease ' 


32 


Errolls 


. 8, 12 


Essex lease 


33 


Ethelstone lease . . 


40 


Federal lease 


4'> 


Fixed Deposit lease 


40 


Ckm lease 


25 


General Kuropatkin lease 


12 


Gladsome lease . . 


16 
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Golden Age-Lake Way, Ltd. . 

Golden Age lease 

Golden Age North No. 1 lease 

Golden Age Beef 

Golden Age South lease 

Golden Hill lease 

Golden Treasure lease . . 

Great Wonder lease 

Gum Creek 

Gwalia Consolidated, Ltd. 



Page 

32 

.. 31,32 

40 

.. 18,31 
.. 31,33 
9 
9,10,11 
40 
.. 15,17 
18;20, 25, 26, 28,32,38,39. 



Highland Mary lease 
Hilda No. 1 lease 
Hilda No. 2 lease 



23 

16 
16 



Indicator lease . . 
Inheritance lease 
Inverness lease . . 



34,35 
15 
40 



Kingfisher lease . . 



40 



Lady Hopetoun lease . . 










32 


Lady Margaretta lease 








'. i8, 24, 25 


Lady of the Lake lease 










. 21,22 


Lady of the Lake reef 










. 18,21 


Lady Wlluna lease 










40 


Lake View lease 










40 


Lake Violet 










. 39,40 


Lake Way Consols Extended lease . 










40 


Lake Way Consols lease 










40 


Lake Way Extended lease . . 










40 


Lake Way Goldfield, 1899, Ltd. . 








2 


5, 27, 28 


Lake Way leases 










. 29,30 


Lake Way Queen lease 










40 


Lake Way Reef ' 










. 18,25 


Lawlers Reef 










18 


Lawless lease 










34 


Legacy Reef 










13 


Little Wonder lease 










40 


Lone Hand lease 










40 


Magnum Bonum lease . . . . . . 11 


Margaret Ewen lease 










40 


Monarch and Derwent United lease. 










40 


Monarch North lease . . 










40 


Monarch of the East lease .. 










. 21,22 


Monarch reef 










. 18,21 


Montague . . 










. 16,17 


Montgomery, A... 










. 7,16 


Moonlight lease 










. 36,38 


Moonlight North lease 










40 


Mother of Gwalia lease 










38 


Mt. Laurence Wells 










17 


Mt Merewether 










17 



4a 

Page 
Off Chanee lease 40 

Piek-me-up lease . . . . 16 

Pretty Polly lease 16 

^een lease . . . . . . . . 18 

Qneen of Lake Way lease 40 

Bed Page lease 35, 36 

BepabUc lease 32,33 

ME. lease 35 



Squib lease 



40 



Three Star lease 

Timber 

Trixie lease 

Try Again Extended lease 

Try Again lease 

Try Again Beef 



15 

8, 13, 20 
11 
29 
29 

. . 18,25 



Vater 

Weeloona lease . . 

Weeloona Beef 

West Australian Goldfields Ltd. 

Wha Gold Mines, Ltd 

White Swan lease 
Wild Duck lease 

Wiluna 

Wiluna Queen lease 
Wiluna Star lease 
Woodcutter lease - 
Woodward, H. P 



8, 13, 16, 20 
23,24 
18,23 
30 
13 
40 
40 
16,17 
40 
40 
40 
7 
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OOVEBNMBNT ASSAYS. 

Assays, Analyses, and Determinations of any Western Australian 
Ore or Bock will be made by the Assayer to the Geological Survey^ 
When not andiily interfering with oflLcial work, subject to the follow- 
ing conditions: — 

1. Each sample must weigh at least 6oz., but not more than 21bs. 

2. Each sample must be enclosed in a separate canvas bag or 

strong paper wrapper, with a slip of paper bearing the 
name and address of the sender, together with a private 
mark by which it may be readily identified. 

3. The parcel must be forwarded, prepaid, to: — 

The Government Geologist, 

Geological Survey Office, 

Perth. 

4. A letter must be sent at the same time to the same address, 

stating for what metals the samples are to be assayed, or 
containing other instructions, as the case may be. 
(N.B. — It is alwa3rs advisable to keep duplicate samples of those 
submitted.) 

5. Before any assay is made the prescribed fee must be paid to 
the Mineralogist and Assayer, or sufficient reasons, in accordance with 
Section 7 below, be furnished for having the samples treated free o^ 
cost. 

6. The following fees will be charged: — 

(a.) Determination of a Bock or Mineral . . 

(b.) Assay for Lead, Iron, or Manganese, each . . 

(c.) Assay for Silver, Copper, or Tin, each 

(d.) Assay for Gold or Zinc, each . . 

(e.) Dry Assay for Lead, Silver, and Gold 

(f.) Assay for Antimonyj Bismuth, Chromium, Co- 
balt, Mercury, or Nickel, each . . . . 1 11 6 

(g.) Proximate Analysis and Calorific Valuation of 

Coal 1116 

(h.) Complete Chemical Analysis of any Mineral 
or Ore, according to number and nature 
of determinations . . . . £2 12s. 6d. to 5 5 

(i.) Other determinations, according to time spent, 

up to . . ; . 2 12 6 

A reduction or 20 per cent, on the above amounts will be made 
in favour of any person submitting, in one parcel, five or more 
samples for identical treatment. 

7. With the object of encouraging bona fide prospecting, free 
Assays will be made under the following circumstances: — 

(a.) The sample must have been obtained from land within 

the State not held under lease for mining purposes, 
(b.) The exact locality where the sample was found must 

be disclosed, 
(c.) The sample must be of sufficient promise to warrant an 

assay being made at the expense of the State, 
(d.) Free Assays will not be made of samples showing free 

gold, or of tailings or other metallurgical products, 

or of umpire samples. 

8. The Department reserves to itself the right of refusing to 
make any particular Assay, and also the right of publishing at any 
time the results of an Assay made at the public expense. 

A. GIBB MAITLAND, 

Government Geologist. 
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PREFATORY NOTE. 

The work of examining: the Ravensthorpe District of the Pliil- 
lips River Gold field was commenced in the middle of the year 1907 
by Mr. H. W. B. Talbot, Topographical Surveyor to the Depart- 
ment, who spent several months upon the construction of a feature 
map upon which contonr lines were accurately laid down at inter- 
vals of ten feet. 

In April of the present year I commenced the Geological ex- 
amination, but owing to the absence of the Government Geologist, 
was unable to devote my whole time to it, therefore the mapping 
of the rock formation was carried out by Mr. Talbot under my 
8iiper\dsion and it is only just that I should here pay him the ti-ibute 
by stating that this work was done in a highly satisfactory man- 
ner. 

From a geological point of view this district is the most com- 
plicated yet examined in this State, and in consequence of excep- 
tional interest, the only point for regi'et being that these fortnations 
eould not be observed in their unaltered condition owing to the 
fact that in only one or two instances have they been penetrated 
below the ground water level (30 to 100 feet), whilst the deepest 
mine is only 400 feet and still in the fracture zone. 

The report has been divided into three sections, the fli-st con- 
sisting of the Geology, etc., from a field point of observation, the 
second section of the laboratory notes upon the rocks by Messrs. 
Simpson and Glauert, whilst the third is devoted exclusively to a 
description of the mines examined upon this and previous occasions. 
The whole is accompanied by a geological map in two sections, one 
embracing the western area which includes the Ravensthorpe Min- 
ing Centre prof)er, whilst the other or eastern takes in those of 
Mt. Desmond and Kundip. 

The preparation of a report upon an area that has previously 
beeii described by other qualified men is always a didiciilt and un- 
pleasant duty, for at the best of times opinions must differ, whilst 
in so complicated a district as Ravensthorpe these are apt to do 
so more widely; but since both Messrs. Montgomery and Blatchford 
in putting forward their views, have stated that these were only 
provisional owing to the lack of a detailed geological map, I feel 
sure that they will not look upon these points of difference as in 
any way antagonistic or critical but simply as conclusions arrived 
at from my own observations under more favourable conditions 
than they experienced. 

HARRY P. WOODWARD, 

30th November, 1908. Acting Government Geologist. 



PART I.— Introduction. 

This Goldfield, which was origrinally proclaimed in 1900, is 
situated upon the Southern Coast, its port of Hopetoun being 
about 150 miles to the eastward of Albany from which there is a 
weekly mail boat service. 

Hopetoun is now connected with Ravensthorpe, the official 
centre, by a Railway line about 40 miles in length which also serves 
the mining centres of Kundip and Mt. Desmond. 

The portion of this iTeld which has been geologically mapped 
embraces the whole of the known mining area with the exception 
of the small centre of West River and Mt. Purchas, which were not 
considered to be of sufficient importance to be included, since the 
work entailed would have been very considerable. The area cov- 
ered by the geological map is about 85 square miles, the whole of 
which lias been also topographically surveyed and contour lines 
accurately laid down at 10 feet intervals of elevation above the sea 
level. 

The following table gives the rainfall returns as supplied by 
the Comnignwealth Meteorologist: — 

Ravensthorpe Hopetoun 

1902 17.07 .. 18.86 

190S .. .. .. 13.60 .. 17.93 

1904 19.49 .. 28.20 

1905 14.90 .. 17.84 

190() 14.78 .. 19.90 

1907 11.84 .. 16.07 



Mean of -6 vears .. 15.28 .. 19.80 



PHYSICAL FEATURES. 

The main and most striking feature of this district is the 
Ravensthoi-pe Range which is visible from the coast; it starts at 
its southern end upon the eastern side of the township of Kundip, 
and runs in a generally north-westerly direction for a distance of 
about nine miles, ]n'esenting .-i bold sleep escarpment to the south- 
west, whilst upon the north-east it is not so precipitous, neither 
does it present so range-like an appearance since the adjoining 
plains upon this side arc more elevated. It has been described as 
a horseshoe-shaped range sweeping round from a north-westerly 
course to a more westerly one, but more con*ectly speaking it con- 
sists of two sections, the southern of which strikes west of north 
and the northern north of west, whilst between the two a sharp line 



of dislocation has taken place at which point it has been cut 
through by the Cordingup Creek, which flows to the eastward in a 
steep gorge-like valley. In its southern section the two highest 
peaks are Mt. Desmond and Mt. Decker which attain an elevation 
of 1,150 and 1,050 feet respectively, both being conspicuous land 
marks since they dominate considerably the remainder of the 
Range. 

In the northern section the Range takes a sharp turn and runs 
upon a more westerly course but although its height is generally 
greater than the southern portion and it attains an elevation of 
1,200 feet above the sea level, it is not so imposing owing to the 
fact that there are no very conspicuous peaks and the country im- 
mediately to the southward is more hilly. 

Pi'om the first mentioned section in the \dcinity of Mt. Des- 
mond a high ridge runs from it in a westerly direction, then sweep- 
ing round to the northward rejoins the range in its northern sec- 
tion at a point north of the Floater mine. This ridge forms a basin 
with the Ravensthorpe Range and divides the watersheds of the 
Jerdacuttup and its tributaries, which flow to the eastward from 
the S tee re and Phillips Rivers, which flow to the south and west. 

This basin-like area is drained by the Cordingup Creek and its 
principal tributary, the Cattlin Creek, which flow over large and 
nch alluvial flats uniting near the site of the old smelting works 
below which the combined streams flow in a gorge-like channel 
through the Range in an easterly direction, upon the north-eastern 
side of which it junctions with the Jerdacuttup River. 

The western area of this map is drained by the Annabelle and 
Stevenson Creeks, which flow in a southerly direction, and the south- 
western portion by the Manyutup Creek flowing in a westerly direc- 
tion, all of which are tributaries of the Phillips River. 

The district between Mt. Desmond and Kundip is drained by 
the Steere and Western Steere Rivers, the former of which rises 
near the Elverdton mine and flows in a southerly direction along 
the foot of the Ravensthorpe Range, being fed by numerous water 
coui'ses which join it both from the east and west. 

The Western Steere rises to the south-west of the Elverdton 
mine and follows a course approximately parallel with the Steere 
River, with which it unites to the southward of the area covered 
by the map. 

Between the Cordingup and the Cattlin Creeks there are some 
extensive and rich alluvial flats covered with gum trees of consider- 
able size, but elsewhere the country is rough or undulating, being 
broken by numerous gullies. 

With the exception of the granite and elevated sand plain 
areas, which are only covered by low stunted vegetation, the ridges 
and gullies are densely covered with mallee intertwined with 
creepers, which are a great hindrance to a person walking off the 
tracks. The soil of the large flat, as well as the greenstone area in 
the north-western section of the map, is a rich red or dark brown 
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clay admirably suitable for wheat-growing, whilst the granite area, 
with the exception of some dark and light clay patches, is of a poor 
Randy character similar to that of the elevated sand plains. 

The underground water supply has proved to be plentiful, but 
invariably salt or slightly brackish at best, the latter being gener- 
ally of an alkaline nature and met with in the granite area. 

GEOLOGY. 
A transient glance at the geologically coloured map will at 
once convey to the observer the intricate character of the dyke sys- 
tem and the variety of rocks exposed at the surface within this 
limited area, but only a slight idea of the complex character 
presented by the crystalline series in this district can be formed 
even when it is stated that these belts and patches of colour with 
one symbol as representative of one class of rocks are in reality 
very often further intersected by numerous minor dykes or veins 
of too small a size or of too great a similarity in their weathered 
state to be mapped in. 

Besides the complex of crystalline rocks exposed, a further 
series of what may possibly be old and highly metamorphic sedi- 
mentary' are also represented followed in ascending order by a 
more modern although probably fairly ancient series of sandstones, 
quartzites, and conglomerates, whilst further to complicate matters 
considerable tracts of the surface are covered by superficial deposits 
of clay or sand which for the most part effectually conceal the 
nature of the underlying rocks, although the general character of 
these may often be approximately arrived at by examining the 
composition of the weathered superincumbent material. 

No geological age can be assigned to any one of the forma- 
tions or groups of rocks in this district owing to the fact that or- 
ganic remains by which such points are determined have n(»t as yet 
been discovered, whilst should fossils be discovered in the sand- 
stone series (which is the only possible one) no great advances in 
this direction will be made, since these beds are the most modern 
in the area. 

Generally speaking, the north-western section or greenstone 
area is covered with clay, therefore no rocks are visible, their char- 
acter being determined by the nature of the soil and work done by 
prospectors; in the central section however, the rocks outcrop in a 
practically unaltered condition and although of considerable com- 
plexity they are most easily determined and mapped in. In the 
range sections upon the other hand the whole series, although out- 
cropping, is so highly altered even to depths of close upon 100 
feet that it is quite impossible to determine with accuracy their 
true character, they are further complicated by a series of parallel 
interfoliated ferruginous lode-like bodies of a lateritic character. 

In the following description these rocks have been divided 
into groups, the first, probably the oldest conatitutim? 
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Kavensthorpe Range, after which the series is called, consist of 
weathered basic schists and serpentines, the former of which are 
intersected by numerous parallel ferruginous bodies and ferrugi- 
nous banded quarizite reefs and often capped by laterite whilst the 
latter is usually covered by a superficial deposit of magnesite. 

The second series are the granites with their intei-secting 
dykes of diabase, diorite, quartz diorite and kereantite, in the schist- 
ose portion of which many of the copper dykes are situated, whilst 
others lie at its contact with the greenstones. 

The greenstone series next being apparently the magnetic 
nucleus from which the basic dykes referred to above radiated in- 
to the granite. This series is intersected by pegmatite, felsite, 
quartz diorite, and camptonite dykes. Following in ascending order 
are the Kundip series of sandstones, w-hich must have at one time 
covered a considerable portion of this area, since small outliers and 
detrital nialerial occur at places all over it. They are of interest 
in so far that tliey are the only distinctly stratified rocks of the 
district. 

Tlie superficial, travertine, laterites, and alluvium are of Httle 
interest but the lodes which are treated separately are extremely 
so, the great drawback being the very limited extent of the work- 
ings, particularly in depth, which precludes the possibility of so 
thorough an investigation into their character as could be desired. 

Ravensthorpe Range Series, — Probably the oldest series of 
rocks in this district are the highly weathered and altered schists 
which form the Ravensthorpe Range, but notwithstanding the fact 
that they rise to a considerable elevation and have been cut through 
by the Cordingnp Creek, at no point are they exposed in an unal- 
tered state. 

These rocks at their outcrop are of a light brownish colour and 
C(msist of kaolin, silica, and iron, the latter being in the form of 
linw)nite (hydrated oxide of iron) ; they have a marked lamination 
which runs in a north-westerly direction identical with that of the 
Range and are traversed by numerous parallel lode-like bodies of 
iron ore and a series of banded quartzite veins of considerable size 
and great longitudinal extent. 

These ironstone bodies have been quarried at one or two points 
for flux for the local smelters, but so far as tested they have proved 
to be of a comparatively superficial character; a shaft at the Iron 
Knob sunk to a depth of about 70 feet did not pass through anything 
but kaolinised rock containing small veins of oxide of iron. At one or 
two points copper stains have been observed, but so far no appreci- 
able quantity of the ores of this metal; their occurrence has, how- 
ever, been interpreted as indicating that these ferruginous bodies 
are the gossans or iron caps of copper lodes. 

Upon a lease called the Mt. Chester, situated close to Mt. Des- 
mond, one of these bodies is replaced for a length of about 250 
yards by a manganese (pyrolusite and psilomelane) lode which at a 
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point where it was cross-cut at the surface measured 20 feet in 
width. 

With the object of testing this lode at a depth an adit level 
was driven for a distance of 424 feet into the steep hill face 90 
feet below the outcrop. This is of considerable interest since it is 
one of the few points at which this series may be examined, other- 
wise than at the surface. The rocks in this drive present a well- 
marked schistose structure, the strike of the folii being north- 
westerly with an inclination of from 70 to 75 degrees to the south- 
westward. They are mostly white, light yellow or gi'ey in colour 
and highly kaolinized but less hard than at their outcrop since the 
cementing oxide of iron is absent, it having segi*egated into the 
leaching channels. 

A specimen [7828] from this dnve exhibits a banded structure 
which varies in colour from gi^ey to yellowish white, the whole 
being pitted by small cavities representing casts of marcasite 
(white iron pyrites) all trace of which mineral has been entirely 
removed. 

In this drive no ferruginous body of any size was cut notwith- 
standing the fact that between its mouth and the manganese lode 
outcrop at the surface a large one is exposed; this appears to be 
conclusive evidence that they are of no vertical extent. 

The Mt. Decker tunnel which is close by is also of interest, but 
not nearly so much since it has been driven in the direction of the 
rock laminations, therefore little variation in its character occurs; 
neither does it thnnv any light upon the nature of the fen'uginous 
bodies. 

At the southern end of this belt of rocks a considerable amount 
of work has been done upon them in the Gem and Two Boys 
leases, but owing to the nearly horizontal lie of the formations, 
only a moderate vertical depth has been attained, therefore those 
encountered are still of a highly altered character, being white 
and almost pure kaolin near the surface, whilst at the lowest levels 
they pass into undoubted greenstone schist in a very much wea- 
thered condition. 

Owing to the elevated position occupied by this apparently 
old land surface the changes wrought by oxidation, hydration, and 
subsequent leaching upon this series, which have extended over a 
considerable period of geological time, have so completely altered 
their character to a greater depth than at present explored that it 
is impossible to state with any degree of confidence what their 
origin may have been, both Mr. Montgomery and Mr. Blatchford 
lean towards the metamorpliic sedimentai-y theoiy; whilst the for- 
mer authority has made further the suggestion that the ironstone 
gossan-like bodies may possibly be the caps of interbedded cuprif- 
erous lodes. 

If this sedimentary origin theory is the correct one these rocks 
must, previous to their leaching, have been altered by heat into 
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greenstone, in which ea^ dunnjr this metamoi*phism the iron in 
the form of pyrites must have segregated to a very considerable 
extent into parallel belts or zones following the induced foliation 
which may or may not have been in unifonnity with the original 
bedding. 

A careful examination however, made under more favourable 
conditions than were possible for former observei's, leads to the 
conclusion that the rocks comprising this range are of igneous 
origin and are of a similar greenstone type to those met with upon 
the goldfields generally. This is further supported by the occur- 
rence of a belt of niagnesite capped serpentine in the centre of and 
following the same direction as the range, which rock from ita 
petrological character is clearly an alteration (»f the hornblende 
seiies. 

The parallel ferruginous bodies which intersect this entire 
series with the exception of the serp>entine have in no instance ex- 
hibited any of the recognised characteristics of fissure lodes, for 
neither do tliey possess the marked definition usually noticeable be- 
tween lode fonnaticm and country rock nor, so far as tested, have 
they proved to be of any vertical extent. In composition at the 
surface they are identical with the lateiite deposits which cover 
and cap a considerable extent of these ranges and in conse<iuence 
they are most probably of similar origin, their parallel character 
and continuity being due either to the supericu* capillarity of cer- 
tain belts of schists which have allowed of the ascension of ferrous 
solution or to the fact that a series of highly basic ferro-magnesian 
dykes have been intruded along the foliation planes of the primary 
gi'eenstone schists, whilst the weathering of their outcrojSs has 
yielded belts of highly ferruginous latent e. 

In support of the basic dyke theory, a reference to the map 
wuU at once demonstrate the fact that the course assumed by these 
parallel ferruginous bodies is in general uniformity with that of 
the basic dykes in the granite area which lies immediately to the 
westward, certain irregularity in these latter being due to the 
character of the rocks since in a schistose series it is only natural 
that dykes should assume a gi'eater degree of parallelism in con- 
formity with the foliation than in a more massive crystalline rock- 
like granite. 

The conclusion arrived at is that these ferruginous bodies are 
not lodes but simply laterite cappings which follow the outcrop of 
a series of ferro-magnesian dj'kes whilst the enclosing rocks or 
country are altered greenstone schists of probable igneous 'origin. 

Besides the ferruginous dykes referred to above there are a 
series of banded ferruginous quartzites (jasper in part) identical 
with those met Avith upon the Eastern Goldfields. These are of 
even gi-eater longitudinal extent than the more basic series and are 
apparently of very considerable antiquity since the boulder and 
pebble conglomerate beds met with near Kundip are very lai"gely 
composed of them. 
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They in all probability represent shearing lines since they 
have a course parallel to that of the foliation of the schists the 
banded structure being due to the gradual deposition from ascend- 
ing mineral solutions as the fissure slowly opened owing to the con- 
traction of the rocks in the process of cooling, the layers of differ- 
ing mateiial being due to varying composition of the depositing 
solutions over a long period. Up to the present bodies of this char- 
acter have nowhere proved to be of any direct economic value in 
this State but that they have played a hand in the deposition of 
gold is proved by the fact that where they have intersected aurifer- 
ous veins the latter are of much greater value in their immediate 
proximity. 

The whole of the area occupied by these rocks is densely cov- 
ered with scrubby vegetation, whilst considerable tracts upon the 
elevated portions are capped by sheets of laterite. 

The Granitic Series. — ^Under this heading are included the in- 
trusive gi-anites and intersecting basic dykes which occupy a cen- 
tral and southern portion of the area covered by the map between 
the Range and the township and to the southward of the latter. 
They are in all probability a portion of the series met with upon 
the southern coast which extend from the Warren River upon the 
west to Israelite Bay upon the east. 

These rocks for the most part outcrop at the surface in a 
practically uii weathered condition, therefore owing to the scarcity 
of soil only scant herbage of a hard scrubby nature is able to ex- 
ist and in consequence their mapping is made exceedingly easy. At 
one or two points however the decomposition of this rock has 
yielded a white or dark grey clay upon the latter of which timber 
of considerable size or patches of dense mallee often flourish. 

Extensive tracts of superficial deposits of sand are also met 
with in places which completely mask the character of the under- 
Ijdng rocks, but from the nature of these deposits it may be in- 
ferred that they were primarily derived from the weathering of the 
granites although possibly at a subsequent period they formed the 
sandstones of the Kundip series. 

There are also considerable tracts of alluvium which are par- 
ticularly well developed in the basin-like area drained by the Cor- 
dingup Creek, which were originally covered by fine salmon gum 
timber, but this has to a very great extent now been cut down 
either for mining purposes, for fuel requirements, or with the ob- 
ject of clearing the land for farming since the soil is of a very high 
quality. 

These granites belong to the soda-lime felspar group, and vary 
very considerably in character and composition from fine-grained 
eompact rocks to very coarsely crystalline ones whilst they some- 
times contain considerable quantities of hornblende, particularly 
when in the proximity of basic dykes. 

The whole' of this area has been shattered by the basic intru- 
lions to the north-west from which magma numerous greenstone 
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dykes and masses diverge intersecting: the g:ranites in a general 
south-easterly direction with a degree of parallelism that is re- 
markable. 

Thtse dykes consist for the most part of diorite or amphi- 
bolite possibly resulting from the alteration of diabase, which rock 
is exposed at one or two points in the form of dykes having an 
east and west or north-easterly course cutting through the normal 
greenstones and therefore of probably more recent origin. Besides 
the diabase there are a series Df large quartz dioiite dykes which 
break through all the othera in a north-easterly direction; these, 
near the Elverdton mine and to the southward of it, are well de- 
vehiped and of very considerable size, whilst this class of rock is 
only represented by one or two quite small dykes in the ^ipveus- 
thorpe section of the map. 

Besides the dykes which attain sufficient dimensions to be mapped 
in liiere are belts of country particularly in the contact zone, in 
which the basic veins are so small and so numerous that in some 
cases hand specimens exhibit these wiiilst further the majority of 
the c(»i)per lodes are also greenstone dykes situated at or near the 
contact, but these will be more fully described later on. 

Fringing the eastern edge of this area and abutting on to the 
southern section of the range, in the locality of the Elverdton mine, 
is a belt of schistose gi*anite, the foliation of which follows the pre- 
vailing northerly trend, and this class of rock contains some of the 
best defined and richest cupriferous dykes of the district. 

In the granite area the basic dykes are very easily traced by 
the character of the vegetation, the rich red soil derived from the 
weathering of the latter, supporting a nnich more luxurious growth 
than the poor sandy soil of the granite aiea. In other places where 
less weathered rocks are met with at the surface, the dyke appears 
like dark bauds which can be traced without any difficulty. At one 
or two places there are what appear to be fault lines crossing the 
dykes; if this is the case the displacement must have been very con- 
siderable, in fact rather too much so, to be a fact, therefore, the 
more pi'obable solution of this phenomenon is that the dyke fis- 
sures have suddenly terminated abniptly upon shearing planes. 
There is very little doubt but that considerable faulting has taken 
place, an instance of which, on a minor scale,, is visible in the Elverd- 
ton mine, whilst the gap in the range, through which the Cordingup 
creek flows, is aJso one of them upon a larger scale. 

The Greenstone Series. — This series of rocks occupies the extreme 
north-western portion of the area geologically mapped, beyond 
which they extend according to Mr. Blatchford in a comparatively 
narrow belt for a distance of about 12 miles in the direction of 
Cocanarup. 

Most of this greenstone area is covered with a layer of from two 
to six feet in thickness of red loam or clay, which completely uxasks 
the character of the rocks, therefore, with the exception of those 
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points at which these superficial deposits have been ]>enetrated either 
by $ihafts or trenches, their nature can only be surmised. 

It is, apparently, a magmatic intrusion from which off-shoots 
have penetrated and shattered the granite in a south-easterly direc- 
tion^ the massive greenstones themselves have also proved to be 
intruded by dykes of quartz-diorite, camptonite, kersantyle, pegma- 
tite and felsite, whilst the quartz reefs which were worked for gold 
in the shallow ground passed into basic dykes at a depth. 

This area was originally densely covered with mallee scrub, in 
which belts of good timebr were occasionally met with, the whole 
being usually much matted with creepers, which adds to the difficulty 
of its examination, whilst all positions must be fixed by traverse. 

In and around Ravensthorpe the principal copper lodes are 
etmtained in large off-shoots of this rock, or at its contact with the 
granite, whilst at Kunddp a mass of considerable extent also encloses 
the lodes. 

The Kundip Series.— This series of rocks, which are most largely 
developed near the towniship of the abovenamed, consist principally 
of sandstone (often ferruginous), grits, quartzites (ripple marked) 
and conglomerate. They are, undoubtedly, of marine shallow water 
origin, their deposition taking place at a period when the existing 
Ravensthorpe range fonned the coast line, simce high up its flank 
are boulder beds, composed of water worn masses derived from the 
banded ferruginous quartzite reefs; these beds further from the 
range pass first into pebble conglomerates and then into quartzites, 
the latter being often of so white a character as to be mistaken for 
quartz. 

In the northern section of this area this series is only repre- 
sented by a few small isolated patches of highly ferruginous sand- 
stone, these being the only remaining evidence of the once con- 
siderable horizontal extent of these beds. 

Near the Explosives Reserve one of these small outliers occupies 
so peculiar a position that at one time considerable doubt existed as 
to its origin since in its general character it presents a striking re- 
semblance to a dyke; however upon a careful microscopic examina- 
tion of the rock it proves to be a ferruginous sandstone, and there- 
fore must have resulted from the infilling of an open fissure with 
sand from the surface. 

The sand plains or superficial deposits probably also belong to 
this series, the sand of which they are composed being due to the 
weathering of soft sandstone. 

The age of these beds is uncertain, since owing to their shallow 
water origin the wave action would have destroyed all traces of 
organic remains, but is is highly probable that they belong to the 
Great Australian Bight series (classed as Tertiary), which extend 
along the south coast from the westward of Albany far into South 
Anstralia. 
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The Lodes. — So very little work has as yet been perfonued upon 
the lodes of this district, and this little with the exception of one 
or two mines, is confined to the zone above the ground water 
level, that it is premature to make a definite statement as to what 
the permanent character of these bodies will be at a depth. 

They may, however, be pro\isionally divided mto two groups or 
classes of distinct type, the first of which are basic cupriferous dykes, 
and the second are apparently siliceous and fen^uginous deposits 
filling leaching channels along the rock jointing, and therefore give 
less promise of permanency. 

Without exception, all the mining upon this field has been 
confined to the fracture zone, and with only one or two exceptions 
to that portion of it which is situated above the permanent ground 
level which may be called the zone of aeration, whilst that below 
may be termed in contra-distinction the zone of saturation, and since 
no mining has been carried on in the zone of cementation whieh 
would here be represented by the lower section of the saturated zone 
and the waterless ground beneath it. 

In this district the passage from the zone of aeration to 
that of saturation does not appear to have produced that 
marked physical change in the character of the lode and ore 
which is so usually met with and expected, since unaltered rocks con- 
taining the primary sulphides occur at a considerable elevation above 
the ground water level, and even in some cases quite near the sur- 
face; therefore it will be better to discard the above classification, 
substituting that which adapts itself more closely to these local con- 
ditions, viz., into the oxide and sulphide zone, the former of which 
jovers that portion of the lode in which oxidation, hydration, and 
weathering have taken place, and the latter that in which the rocks 
in an unaltered form carry primary sulphides. 

The question of primary sulphides occurnng above the ground 
water level has been carefully investigated, and the only solution 
which can be arrived at is that the great density and impenueable 
character of the rock matrix have resisted weathering, and thus 
protected the enclosed ore from the oxidising influence of the 
descending aerated water. 

The lode'* at the surface present all the characteristics which 
ai*e usually associated with deposits of copper oi*e. viz.^ ferruginous 
gossan outcrops (iron hat) of often considerable size and usually 
highly siliceous, the only indication of copper when pt^esent being 
minute traces of green carbonate. 

These quartz and gossan outcrops usually cany fairly high gold 
and silver values, so much so hi many instances as to cause them 
to be classed as auriferous lodes, whilst copper if present occurs in 
such small quantities as to be of quite a secondan' consideration. 

In prospecting these outcrops in order to ascertain their copper 
values it has been necessaiy, in many cases, to sink to as great 
depth as 40 feet before payable ore was encountered, when it most 
usually consisted of a ferruginous mixture of both oxides and car- 
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bonates (liver colour ore) with small gi*een crystals of malachite 
contained in the cavities. 

In this upper portion of the lode the oi-e occurs in bonanza-like 
enrichments either in a bunch-like form within the main body or 
iDore eommonly in flat lenses upon one or the other of the walls. 
These have been called shoots by the miners, but since they are of 
parely seeondai*y oriarin, and lack vertical continuity, this term has 
Iwen decidedly incorrectly applied. The matrix or * * formation, * ' as 
it is usually called near the surface, consists of soft brownish clay 
which passes imperceptibly into weathered mica schist, then into 
schistose greenstone, and eventually into a solid basic dyke stone. 
^Joartz is fairly plentiful in the zone of weathering, but below it 
mostly occurs in veins or layers which give the lode a banded ap- 
pearance. 

Both the gold and silver appear to be principally associated 
vith the ironstone and quartz, a lesser quantity being carried in the 
copper ore whilst the percentage of these precious metals, p«irticu- 
lariy the gold, shows a marked decrease downwards in the lode. 

The transition from the oxidised to the sulphide crres is usually 
sudden, there being no rich oxides and native copper capping a zone 
of secondary sulphide enrichment, but directly the solid rock is en- 
eoantered, chaleopyrite occurs usually coated with green carbonate 
or more rarely coverite. , 

In the sulphide zone the chaleopyrite is associated with pyrites, 
marcasite and pyrrhotite (the latter largely predominating in the 
CattUn mine), disseminated tjirough the entire dyke mass or occas- 
ionally as lenses or pipes of ore upon one or the other wall of the 
formation. 

In the unaltered sulphide zone there is an appreciable falling off 
in the gold and silver values, whilst a further steady reduction takes 
place even within this zone level by level downwards, thus clearly in- 
dicating that the higher values in the oxidised zone, and the upper 
portion of the sulphide zone are solely due to concentration, and to 
the deposition of gold from alkaline sulphide solutions. 

Quartz too is largely a secondai-y mineral being deposited as 

metasomatic action has taken place in the lode channel, this being 

clearly demonstrated in nearly all the mines since lodes consisting 

almost entirely of quartz and ferraginous gossan at the surface 

^ss into massive greenstone often almost destitute of quartz at a 

[>th. The proportion of iron has also considerably increased 

ir the surface, owing to its deposition from ascending solutions 

awn to the surface by capillary action. 

The fairly concentrated bunches of copper ore in the oxidised 
Qe are evidence that secondary enrichment has taken place whilst 
e barren iron caps also indicate a leached zone, as however, no 
solidary sulphide enrichments occur, these bonanzas cannot as is 
ally tliecase have been derived from their oxidation. It is pro- 
le, therefore, that the carbonates and oxides of copper ha^ 
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leached out of -the lode cap by descending meteoric watei-s charjyed 
with orjranic acids, and subeeqiiently redeposited as carbonates and 
oxides at a lower level when their solutions came in contact with the 
alkaline salts which the sunx)unding g-nanitic rock contains in lar«re 
quantities. 

This alkalinity of the rocks, and in consec|uence that also of the 
jjfround waters has probably played an important part in the pre- 
vention of the deposition of secondary sulphide, since such water 
would immediately neutralize all acid solutions formed from the 
decomposition of the primary sulphides, and convert the copper 
directly into carbonates (as demonstrated by the cai-bonate coated 
chalcopyrite) therefore at the ground water level no acid solutions 
could be present from which copper could be deposited as a second- 
ary sulphide upon coming in contact with chalcopyrite or marcasite. 

As previously mentioned, traces of covellite are sometimes pre- 
sent coating the chalcopyrite, but since these are usually only met 
with along the lines of fracture it would appear that at these points 
a preponderance of acid must have been liberated owing to the more 
rapid decomposition of the ore, thus producing. conditions favour- 
able to the deposition of secondary sulphides. 

At the deepest points of the richest mines the ore usually has 
a foliated structure, consisting of bands of quartz, gneenstone, and 
chalcopyrite, or one of the iron sulphidas, which layei's do not occur 
with that ribbon-like r^:ularity characteristic of many ore bodies in 
which the mineral matter has been deposited, layer by layer, from 
solution upon the sides of an open fissure, but of that lenticular 
form peculiar to schists, while the poorer portions consist more 
largely of greenstone schist containing only disseminated sulphides. 
Besides these two forms, as before mentioned, sheet-like lenses of 
variable size and richness (called shoots) are of common occurrence, 
forming upon either one of the walls; whilst extending from these 
into the adjoining wall rock (which is often grapite) as well as into 
the formation itself are disseminations of ore, which apparently 
indicate that these rich bodies ai^ due to nietasomatic action, subse- 
quent to the deposition of the cupriferous dyke. 

Exactly under what conditions these were formed it is difficult 
to determine, since it is usually acknowledged that chalcopyrite is a 
primary sulphide, whilst these bodies decidedly present all the 
characteristics common to secondary or replaced deposits. 

There are authentic instances in which chalcopyrite has i^placed 
certain organic substances, and shice marcasite is commonly of 
secondary oiigin there seems to be no reason why it should be neces- 
sary to wait until chemists decide the exact reactions that have taken 
place before a fact can be admitted. That chalcopyrite does occur, 
both as a secondary as well as a primary mineral, there can be little 
doubt, since large and rich bodies of this claRS of ore are usually met 
with immediately below the secondary sulphides, whereas compara- 
tively lean ore only is often found to immediately follow it as greater 
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are reached, or in other words, that the upper portion of a 
lode, after the so-called primary sulphides are encountered, is in- 
variably richer than the zone below it, althougrh no copper ore other 
than chalcopyrite be present. 

One point of particular interest with regard to secondary en- 
riehment is noticeable upon this field in those lodes which cross the 
foliation of the rocks, the richer portions in which being apparently 
?i»venied by the character of tlie country rock at the point of inter- 
section, thus we find these zones of enrichment tilted upon the fissure 
plane at an angle coincident with the inclination of the rock folii, 
which give them a definite shoot-like appearance, whilst the inter- 
vening sections in the lode may be either barren or caiTy only gold 
values. In some instances the cupriferous sections have appeared to 
■urn off from the main fissure on to the planes of foliation, or to 
pat it the other way round, lodes which at their outcrops appear to 
follow the foliation of the rocks are found at a depth to swing round 
(^n to the main fissure plane, a good instance of which is exhibited 
in what is known as the "ironcap lode" in the Flag mine, in which 
tlie ferruginous gossan outcrop has a course of north-west and south- 
east, with a dip to the north-east ; this at tlie 70ft. level has a course 
^»t and west, with a dip to the south and tilt to the east, i.e., the 
intersection of the planes. Similar occurrences probably will be met 
^th at one or two other points in the same mine, one of which is 
^'alled the "eastern leg," but in this case the ore pipe has left the 
intersection of the planes and followed the foliation to the north- 
«Jst, whilst the point of intei'section of the two could not be ex- 
Miined since it is situated further to the eastward than the present 
end of the 100ft. level. 

It is« apparent that a main east and west fissure has intersected 
a series of normal north-westerly low-grade cupriferous dykes, from 
^lieh it has been enriche<l at the point of intersection, and since 
4 considerable portion of the high grade ore that has 
^u obtained from this mine came from veins having a north- 
westerly eoui'se, it is probable that the main lode, the coui-se of 
*hich is south of eaet, is not cupriferous in a primary sense, but has 
'dimply been fed at certain definite points called shoots. 

As previously stated, a large number of these lodes may more 
^rrectly be described as auriferous than cupriferous, owing to the 
2t*ater value in gold ; in some instances, these, as before described, 
8«»ke into copper lodes a* a depth with greatly diminished gold 
^alnes, but there are also a series which lie in the greenstone area to 
llie north-west comer of the map, which although undoubtedly of 
'he same character as the others have proved when the gold practi- 
cally gave out to carry too low copper values at their lowest levels 
^0 be payable. 

These lodes are very.higlily siliceous near the surface, in fact 
|hey may be termed quartz reefs or feiTUginous cjuartz reefs, accord- 
^ to the quantity of iron gossan contained. With depth, however, 
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they asBume the usual schistose character, and are often heavily 
charged with marcasite, and also carry a little copper, whilst deeper 
still they assume a more basic character, with in places almost a 
disappearance of quartz. They were worked entirely for gold, 
some giving veiy considerable pi-omise when first discovered, but 
the so-called shoots were short and values fell so rapidly that they 
ai-e now practically abandoned. 

The conclusions drawn are that those cupriferous dykes, which 
are of sufficient size to warrant deep mining, will prove when the 
fracture zone is passed to consist entii*ely of highly basic rock, 
through which iron and copper sulphides are disseminated, whilst 
quartz will have almost entii^ly di8ap])eared and the gold and silver 
only hi practically negligible quantities. 

Of the other class of ore body there is little to be said, as they 
are simply leaching channels which follow the joins in a perfectly 
kaolinized schistose rock, so altered is this rock that 40 feet were 
sunk in it by the original prospectore to the vein, under the suppo- 
sition that it was alluvium. They consist of a belt of kaolinised 
rock intersected by a series of veins of ferruginous quartz radiating 
from a main one, the whole of which is often auriferous. 
They have little inclination, starting from an anticlinal 
fold, at the apex of which it was small, but very rich stone was 
obtained at the lower levels. Values are rapidly falling, and will 
probably shortly become too low to be payable; it is possible, how- 
ever, that others will be found occupying positions below the ones 
at present being worked. 
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PART II.— Description of the Crystalline Rocks of 
the Phillips River District. 

By E. S. Simpson- and L. Glaukrt. 

A most varied and interesting series of igneous rocks is 
pfpresented in the collections of Messrs. Woodward, Montgomery, 
Httehford, and Talbot. They range from a normally acid granite 
ihiongh intermediate types to a seipentine, and the study of thepa 
Bfomplicated by the large development of hornblende and plagio- 
(la»e not only in the amphibolites and intermediate rocks but also 
in the granites, and by the varying texture exhibited by one and 
Aesame rock. 

GRANITIC ROCKS. 

Soda-<rranite, — The granite of this district is of an unusual type 
fceing almost devoid of orthoclase, the place of which is taken by 
A soda felspar. Its chemical composition is shown by analyses of 
[8139] and [8151]. 
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The most noticeable features of these analyses are the small 
Pf'^ntage of potash and lai*ge percentage of soda, and the un- 
■^^^ally high percentage of alumina. This latter is interesting as 
*^ining the occurrence of andalusite in the granitic schists. 
*» elosesst appixiach to this rock in chemical composition that we 
^•fifiiid is the Granite (Araadorose) of Saganaga Lake, Minnesota, 
w^ analysis of which is quoted above. 
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In hand specimens the rock is light grey to dark grey or green 
in colour, and in texture and appearance varies from that of a 
typical coarse gi-ained granite [8151] and [8332] to that of a 
medium or tine grained diorite [8147] and [8318]. In some speci- 
mens, notably [1876] and [8147], the hornblende crystals are large 
and very clearly defined. 

Under the microscope quartz is found to be an important 
constituent in all cases and would appear to be the final product of 
crystallisation. Pkgioclase and deep green hornblende are both 
very plentiful, the latter largely idiomorphic and evidently the 
first of the main constituents to crystallise out of the magma. 
Some ilmenite and biotite occur in nearly all examples, whilst 
zircon and apatite are seen -in some of the sections. 

Quartz-Ceratophyre. — Acidic dykes do not appear to be plenti- 
ful, but undoubtedly fine grained offshoots from the soda-granite 
are represented in [8315, 8364, 8553, 7825]. Surface specimens 
of this rock are pale grey in colour, but a specimefi [8553] from a 
depth of 400 feet in the Mt. Cattlin Mine is very dark grey. It 
has a specific gravity of 2,68 and contains 71.01 per cent, silica, 
0.55 per cent, potash, and 5.3C per cent. soda. These rocks are all 
very close-grained with occasional phenocrysts of felspar and 
quartz. 

Alhife Pcijmutite. — Some very interesting specimens of a very 
coarse-grained pegmatite have been collected. The chief consti- 
tuent of this rock is albite, both granular and veiy coarselj' cry- 
stallised. In places it is of a pale bluish green colour. Some of 
this mineral with a eoai-sely lamellai' structure was analysed, with 
the results given below. 

Associated with the albite are coarsely crystalline spodumene 
(see analysis below), pink and green toui*maline, muscovite, lepi- 
dolite and quartz. See specimens [1863, 8347, 8487, 8488]. 

Analyses of Spodumnw and Albile. 
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Two miles south-west of Cocanarup is a pegmatite which is in 
plaees a typical graphic intergi-owth of felspar and quartz [1865], 
bothers exhibits much muscovite or lepidolite [1859, 1861]. 

Andalusite Schist.— Two specimens of rock [8463] and [7827] 
are composed mainly of a fine g:rained base of sericite in which are 
embedded numerous crystals of andalusite. These, and a foliated 
bi«rnstone [8143] largely composed of andalusite, are evidently al- 
tention products of the soda-gi*anites. 

Mica-Chlorite Schist. — In places, as the result of the crushing 
of the soda granite, accompanied by development of sericitic mica 
«t the expense of felspar, and chlorite at the expense of hornblende, 
we find a miea-chlorite schist formed. See [8311, 8364, 8366, 8567.] 

The following are detailed descriptions of some typical sections 
»f these granitic nicks : — 

[8151] Sec. 880. Soda-granite, Western Well on W.R. 7517. 
Oiarse grain. Quartz and felspar about equally abundant. Quartz 
with numenms inclusions mostly ** dusty'' but some tine spicular, 
tbe former under higli powers are seen to include minerals and 
liijnids witli gas bubbles. Large prisms of apatite are seen in some 
of the quartz masses. Felspar mostly multiply twinned and much 
fl«»nded with granular grey matter. Brown biotite is the chief 
fem^magnesian mineral, much green hornblende being associated 
with it. A little ilmenite is present in fine and coarse grains partly 
altered to leucoxene, also a little pyrites in patches. The ferro- 
nagnesian minerals evidently preceded the felspars in crystallisa- 
ti»'n, quartz being the last constituent to settle out. 

[8139] Sec. 877. Soda-granite, W.R. 4. This is a somewhat 
<iarker rock than [8151] and has a coarse texture. White felspar 
i» altogether absent, to the greenish albite no doubt being due the 
deeper colour of the whole. Although the analysis given above has 
•liowii the rock to have a higher percentage of SiO, than [8151], 
tli« quartz only takes the second place in the micro-section ex- 
wnined* it has a very similar appearance to that in the section 
W described, except that the stringy arrangement of the en- 
flf«ares is perhaps more marked. The felspar is cloudy and in 
this case contains needles and rods of apatite and fragments of 
^»niblende, it shows some fine examples of the usual rei>eated 
twinning on the Albite plan. The strongly pleochroic hornblende 
D«edf; no remarks except that it is very full of enclosures and has 
* '^ery ragged outline. Ilmenite is present in fair abundance, 
^r^er of crystallisation evidently the same as in [8151]. 

[8147] Sec. 876. Soda-granite, near W.R. 7607. A coarse- 
iniined rock similar to the preceding but much darker owing to 
the large development of hornblende. This is the most prominent 
^»nstituent; there is a fair amount of felspar and some quartz. 
I'nder the microscope felspar and hornblende are seen to form the 
niain mass of the rock, the former is idiomorphic as regards the 
quartz, elondy owing to alteration and mainly composed of the 
pI«frioclase variety. The hornblende is very brilliant, generally 
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green or yellow according to the section's direction; at times it is 
brown owing to iron staining and in many cases gives splendid 
examples of twinning parallel to the orthopinacoid. The quartz is 
well represented and in some instances, besides the usual style of 
enclosures noted in the other sections, mica (biotite)^ ilmeiiite 
(leucoxene), and zircon are present, also fine needles of rutile or 
tourmaline similar to those noted in [8151]. 

[1875] Sec. 106. Soda-granite, three miles west of Mt. Desmond. 
This is slightly different in appearance to any previously described. 
It is coarse grained with much white felspar and some clear 
quartz, in which are imbedded numerous well defined long aud 
somewhat narrow crystals of hornblende. Under the microscope 
the allotriomorphic character of tlie quartz is veiy evident. Crystals 
of apatite are not seen, but on the other hand many fine, long, 
slender needles of a dark brown mineral (tourmaline or rutile f) 
are found besides the usual small enclosures of minerals, liquids, 
and gases. Plagioclase is the chief felspar and often shows re- 
peated twinning and large patches of decomposition products. 
Deej) brilliant green hornblende is vei-y abundant being represented 
by large well defined crystals, frequently twinned, aud enclosing 
somewhat numerous grains of iron ore and rods of rutile, generally 
arranged ah)ng the cleavage lines. A little pale secondary horn- 
blende is present as also a little biotite in places. 

[8152] Sec. 881. Soda-granite, near W.R. 8358. A somewhat 
finer grained rock than any of the previous ones, in which pale 
grey felspar is the most prominent constituent. Small crystals of 
hornblende are very uniformly distributed. Under the microscope 
the chief constituent is seen to be felspar, much clouded and, for 
the most part, devoid of twinning. It contains numerous enclosures 
of apatite. The quartz which is about equally abundant contains 
dusty and fine spicular enclosures. (Jreen and brown biotite is 
common, sometimes intergrown witli muscovite. Dark green horn- 
blende is abundant in coarse crystals, with a little ilmenite. Oc- 
casional crystals of zircon are seen. 

[8318] Sec. 904. Soda-granite, W. K. 7885. A fine grained 
grey rock. Much clouded felspar, devoid of twinning, forms the 
greater part of the rock. Quartz and hornblende both abundant. 
The quartz contains numerous enclosures, apatite, rutile (tourma- 
line?), hornblende and zircon are recognisable. Also liquid and 
gas inclusions, the cavities sometimes taking the form of negative 
crystals. Some ilmenite partly altered to leucoxene. 

[8310] Sec. 900. Altered Soda-granite, M.L. 236, Overeight 
Extended. A fine gi*ained massive rock. Under the microscope 
cloudy patches of felspar are still visible, though boundaries are 
very ill defined and the usual interference effects barely distinguish- 
able. Finely granular quartz, hornblende, biotite, ilmenite and 
epidote make up the balance of the rock which is inclined to be 
slightly gneissic in structure. 
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[8553] Sec. 935. Quartz Ceratophyie, 400ft. level, Mt. Cattlin 
dM. Dark grey, very fine grained, massive rock, with visible 
I^enocrysts of qnartz and felspar. Specific gravity of 2.68. Con- 
ttius silica, 71.01 per cent.; potash, 0.55 per cent.; soda, 5.36 per 
eent. Under the microscope the rock is seen to consist of a fine 
^ned crystalline ground mass of felspar (albite), biotite and 
qairtz, in which are embedded numerous phenoei*ysts of cloudy 
felspar, mostly if not wholly plagioclase. Brown biotite occurs 
(Tjmewhat freely in phenocrysts. A greenish chlorite, some epidote 
tad a few crystals of zircon are seen. Though quartz phenocrysts 
are uot uncommon on the faces of hand specimens, none were in- 
ehded in the section examined. 

[8463] Sec. 914. Audalusite Rock. Sunset Mine. This is a 
greyish scricitie rock showing many fine large crystals of flesh- 
eoloured or pink andalusite. By the aid of the microscope we see 
that it is essentially composed of a sericitic ground mass containing 
fine porphyritic crystals of andalusite and some smaller ones of 
pklogopite or some allied mica. Many small masses of secondary 
quartz as well as small crystals of-rutile and ilmenite and other 
onimportant assessories are easily to be distinguished. 

[8143] Sees. 873 A to F. Andalusite Rock and Schist (Horn- 
stone). Near M.H.L. 126, Ravensthorpe. This specimen is of ex- 
eq>tional interest in that it consists of an andalusite rock, similar 
to the above, a portion of which has been so crushed and squeezed 
tbat not only a schistose but also an ''augen" structure has been 
saperindueed. Six sections heve been made of this rock, both in 
the emshed and the uncrushed portions. In the latter as in [8463] 
ve see numerous large and small phenocrysts of andalusite full of 
varioas enclosures, amongst which were recognised tourmaline 
magnetite and long slender needles that may be tourmaline but 
Thieh are too slender to be determined with certainty. Smaller 
eiystals of felspar, tourmaline and biotite are also present in a 
ground mass composed essentially of sericitic or chloritic material. 

The crushed and altered portion shows the same constituents, 
▼hidi have been so much affected that they have assumed a flow 
stractnre, the large crystals, even the hard andalusite, being crushed 
aod squeezed out of shape in a most remarkable manner. 

[8811] Sec. 901. Mica-chlorite Schist. Near shaft of M.L. 
236, Oversight Extended. 

This is a greyish green rock having a schistose structure and a 
mmewhat silvery sheen due to the small flakes of chloritic and 
seiieitie material present. The microscope shows that the rock 
is an altered acid rock. We have a fair amount of quartz showing 
^'stndn figures" in a matrix composed of sericitic, felsphatic and 
chkritie material, the latter being most plentiful in those places 
where small crystals of rutile and iron ore indicate the former 
presence of ferro-magnesian minerals. 
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[8567] See. 969. Mica-chlorite Schist. Mount Desmond Mine. 

The general appearance of this rock is similar to the above in 
every way. Microscopical examination shows that here again the 
main mass of the rock consists of chloritie and sericitic material 
in small scaly masses, in this are many irregular pieces of quartz 
which on further examination are seen to consist of numerous 
fragments, the general appearance of which suggests a secondary 
oris:in. In places the rock is quite green owing to the great abund- 
ance of chlorite, and liere again we find an abundance of rutile 
crystals (prisms, etc.) as evidence of the former presence of a 
ferro-magnesian mineral. Several hexagonal crystals of zircon are 
to be seen, being the prism with its two pyramids. Iron ores are 
also present, particularly in those portions of the field where the 
rutile crystals arc most abundant. 

R()(^KS OF INTKRMBDIATE BASICITY. 

Large areas of "greenstones" of intermediate basicity, partly 
massive and partly schistose, are shown on the map, and associated 
in ])art with them several more or less distinct types of dykes, in- 
cUuling (a.) Quartz diorites of two ty])es, (6.) Diorites characterised 
by a very large preponderance of primary hornblende, (c.) Diabases 
in which the chief ferro-magnesian mineral is fresh or altered augite, 
(rZ-lI^mprophyi-es (Kersantites) in which the chief basic mineral 
is biotite. 

Ampkibolite. — Oue mile nor-nor-west of Mt. Desmond, close to 
the limits of the map, is a rock [8322], which appears to the eye 
to be composed wholly of very large crystals, of a somewhat light 
green amphibole. It is distinct in appearance from any rock within 
the area mapped, except perhaps [8468], and resembles some of the 
amphibolites of Kalgoorlie and elsewhere on the goldfields. Like 
them, it appears to be an altere<l pyioxene rock. (See "Serpen- 
tines.'^ 

Massive Dior it e Rocks and Camptonites.—Vrom the main mass 
of gi'eenstone in the Northern part of the field come two types of 
I'ock— 1st, a daik green massive rock, somewhat coai'se-grained and 
seen under the microscoj^e to consist ahnost entirely of deep gi*een, 
well-crystallised hornblende, with a little intei-stital quartz and clear 
felspar [8465, 8469]. 2nd, a light to dark green rock, which, under 
the microscope, is seen to be fine grained, with a fine granular base 
of felspar, iron ore and usually quartz in which are embedded numer- 
ous small, and some large crystals of green or colourless hornblende 
[7826, 8145, 8388, 8464]. The structure of these dykes differs con- 
siderably from that of typical diorites, and partly because of their 
structure, partly because of their affinities with the kersantites, 
they are provisionally classed as campttmites. Biotite occurs in 
both tyi)es in variable amount. 

Diorite Dyke Rocks with much Hornblende. — A number of 
dykes are composed of a rock which is almost wholly homblendCf 
the colouring of which is very distinctive, viz., rich blue green. 
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strong green and pale yellow [8140, 8141]. The interstital matter is 
z^inly felspar and the rocks are either coarse or fine grained. 

Quartz Diorite Dykes.— These differ somewhat amongst them- 
selves, both in texture and composition, some being barely dis- 
ticgoishable from the previous mentioned rocks except for the 
qiaitz, the hornblende being ver>' plentiful and of the same type 
» in the last group. Other specimens exhibit much quartz, whilst 
the hornblende is subordinate to the plagioclase. The hornblende 
in some tends to gather ronnd nuclei, forming bunches 5 or 6 m.m. 
in diameter, and distant about 10 m.m. apart, and in these rocks 
eiuleedony is somewhat freely developed [8149, 8317, 8327, 8359]. 

Enstaiite Diabase, — A single example occurs of a very fresh 
coarse grained rock [8144] composed of clear multiply twinned 
feispar and augite, with subordinate hornblende, enstatite, ilmenite 
tod quartz. A fine grained weathered rock [6052], consists largely 
of serpentine, with a structure which would suggest a pyroxene as 
tJie original mineral from which it is derived. 

Kersantite. — In the Elverdton mine and its immediate vicinity, 
Acre is a fine gi*ained dark coloured dyke rock, composed of a 
mnular mixture of clear felspar and biotite, with a little hornblende 
and quartz [8462, 7822, 7912]. The silica percentage in a typical 
eiample [8462] was found to be 59 and the specific gravity 2.81. 

Biotite Schist,— 'Bioiiie appears to develop readily at the ex- 
pose of hornblende in all these rocks of intermediate basicity, 
^ving rise ultimately to biotite schists [1895, 1907]. Examples 
ormr at Ravensthorpe, Mt. Desmond and Kundip, and show all the 
features characteristic of pressure nietamorphism. 

Gametiferous Schist and Eclogite.—A number of examples of 
Sreenstone schist are characterised by the occurrence of a garnet 
viiieh, where determined, has proved to be grossularite. One such 
rack [8155], the chief constituents of which were green hornblende 
ttd plagioclase with subordinate iron ore, garnet, and quartz, has 
the foUowiag composition : — 
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Biotite is very freely developed in some of these rocks at the 
expense of the hornblende [1906, 8533], the schistosity of the rock 
being usually in direct ratio to the proportion of biotite present. 
The hornblende varies from almost colourless to dark green. The 
proportion of garnet present is very vaiiable, but in all cases it 
appears to be a late development, as it encloses numerous frajr- 
ments of the other minerals. 

Chlorite Schist. — This does not appear to be a common roek 
on the field, but examples of it are present in the collection [8311, 
8866]. They are evidently altered hornblende rocks. 

The foHcAving are detailed descriptions of such of these i"oi»ks 
as have been examined in detail: — 

[8322] Sec. 948. Amphibolite, one mile N.N.E. of Mt. 
Desmond. This is a greyish green rock showing large lath-shaped 
crystals of hornblende of irregular outline, some of them being: as 
much as 30 m.m. in length. The whole rock has an altered appear- 
ance and suggests the presence of a good deal of chloritic material. 
The microscopical examination shows that the alterations t>T)ical 
of pyroxene rocks are very far advanced. We get no felspar, but 
just a mass of aluminous hornblende, altering pyroxene and chlori- 
tic t)r serpent inous material. Needles of tremolite are vei-y 
comm<ui in the amphibole masses. (See Serpentines [8154, 8326]). 

[8144] Enstatito Diabase, W.R. 7517. and 

[8668] Enstatite Diabase, Mt. Desmond Mine. Though these 
two dyke rocks were obtained some distance apart they resemble 
one another very closely though [8144] seems somewhat fresher. 
The liand specimens show a medium g^rained dark blue or dark 
green rock with many bright faces of augite ci-ystals, the whole 
being mottled through the presence of whitish masses and lath- 
shaped ci-ystals of plagioclase. Traces of pyrites are also to be 
seen. Under the microscope the chief constituent is seen to be 
pyroxene. We have it in two habits, in some places an ^*ophitic" 
structure is developed whilst in other the augite takes the form 
of small granules. The mineral shows good examples of twinning, 
and often exhibits the characteristic cleavages of the group. 
Further examination shows that there is a rhombic-pyroxene as 
well as the monoclinic augite, and this, on account of its straight 
extinction, its almost total lack of colour and very weak pleo- 
chroism as well as its highly developed cleavage has been classed 
as Enstatite. 

In [8144] some fine masses or crystals of this mineral are to 
be seen, one piece in particular being interesting, as it shows the 
deoompoeition gradually encroaching upon the whole mass; near 
the centre the mineral is still very fresh, but as the edge is ap- 
proached chloritic material is seen to fill the cracks or cleavage 
lines, coming more and more in evidence, till at the extremity all 
the pyroxene has disappeared and we have simply a mass of 
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greenish and brownish chlorite adopting a rudely spherulitic 
struetnre, portion of which might be taken for serpentine. 

Though twins of enstatite are rare, one was seen in [8568], in 
which the twinning was along one of the cleavage planes. 

In [6052], from the Last Chance Mine, the enstatite and augite 
are more difficult to separate on account of the small size of the 
OTstals, for in this rock as well as [8568] the ophitic structure 
has disappeared, and the whole of the pyroxenes are granular. 

In thin sections the augite has very little colour and gives 
l^ietieally no pleochroic colours, but with the crossed nicols 
bright colour effects are obtained as well as unmistakable evidence 
of twinning. 

Taken on the whole the mineral is veiy fresh, those alterations 
that have taken place being confined to certain portions of the 
slide. At the same time good instances can be seen, especially in 
the more coarse-grained examples, of the mineral altering into 
ehloritic niaterial; it being in some cases completely converted 
into spherulitic aggregates of chlorite which send out tongues into 
the surrounding felspar by means of the cracks and cleavage lines. 
In other examples every step in the transition from pyroxene to 
hornblende and biotite can be traced, the alteration even extending 
beyond this into a green chloritic material similar to that just re- 
ferred to. Another alteration product of the ferro-magnesiaii 
minerals and the felspar may be noted here, it is Epidote which 
is to be seen in [8568] and [6052] usually takiug the form of ir- 
regular yellowish grains showing slight pleochroisin and bright 
eolours with the aid of crossed nicols. 

The plagioclase felspar of the rocks is very conspicuous, form- 
ing fine idiomorphic lath-shaped crystals which give fine examples 
of twinning on the Albite plan. The mineral is very fresh and 
dear, only occasionally showing signs of saussuritisation. Upon 
measuring the extinction angles of the twins it is found that in 
almost every case the mineral was well within the labradorite 
margin, 30 degrees or over. Quartz is also present as an original 
oiDstituent as is shown by its micro-pegmatitic intergrowth with 
felspar in several of the slides examined [8144] and [8568]. Inter- 
stitial masses and grains are also present, and show by their out- 
line that they were formed late on in the course of crystallisation, 
some of the masses may even be secondary, but that does not seem 
likely in this group of the Phillips River rocks. Apatite is a com- 
mon inclusion. Titaniferous iron ore is also to be seen as an 
anginal constituent; some of the ciystals, being in close conjunc- 
tion with altered or altering ferro-magnesian minerals, are without 
doubt of secondary origin. The undoubted secondary minerals, 
dilorite, biotite, hombleode, epidote and serpentinous matter, have 
already been mentioned in passing. The most important one is 
faomUeide; from its associations with the augite there is no doubt 
that this is purely secondary, for all the steps can be seen between 
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the unaltered augite to the fresh green hornblende with its clear 
colours, its fine cleavages, and in many cases its almost perfect 
outline. 

Biotite both green and brown in colour is often associated 
with the hornblende as an alteration product, it is very fresh and 
shows few signs of decomposition, except for the presence of 
chloritic matter at the fibrous extremities of some of the masses. 

[8140] Altered Diabase, near M.H.L. 16. This is a dark blue 
or blue black dyke rock showing many bright cleavage surfaces of 
hornblende. With the microscope it is seen that the rock is practi- 
cally a mass of ferro-magnesian minerals and their alteration pro- 
ducts, we see hornblende in large masses showing many twinned 
individuals giving fine examples of prismatic and basal cleavages, 
good pleochroism and very bright (>olarisation colours: — 

B = Straw yellow, 
b = Yellowish green, 
f = Blue green. 

Its structure and form suggest that k is of secondary' ori^riii 
Some of the masses are altering and passing into green chloritic 
material. Enstatite is present. Plagioclase felspar is represented 
by a few odd lath-shaped crystals. A little' epidote seen, a grain 
or two at the most. 

This rock is evidently very poor in felspar, and is either de- 
rived from a similar diabase or the felspar has disappeared en- 
tirely, being replaced by aluminous hornblende and chlorite. 

[8328] Altered Diabase, near M.H.L. 67. In this the stages 
of alteration are further advanced, although some felspar (?) is 
present. It is U grey rock with yellowish patches and appears to 
consist entirely of hornblende, augite, and decomposition products 
(bastite, etc.). 

Under the microscope we see that the main mass of th^ rock 
consists of chloritic and serpentinous material, imbedded in which 
are the remnants of many of the original minerals, the enstatite is 
converted into bastite, and the augite is present in very much more 
corroded masses than in [8322]. Felspar is represented by ill- 
defined and much clouded masses and patches, generally limited 
in extent and too impure to allow a determination of the group 
to be made. Iron ores are present in the form of grains and cry- 
stals, the former often filling veins penetrating the mass. In some 
parts, too, the ferruginous material has stained the adjacent 
minerals and alteration products. 

Secondary hornblende giving bright polarisation colours and 
showing characteristic cleavage is not rare, generally it is very 
pale-coloured and fibrous, the needles often resembling tremolite. 
The rock is a serpentinous rock with bastite, and is clearly an 
altered form of an enstatite diabase. 

[8317] Sec. 903. Quartz diorite with chalcedony, W.R. 7885. 
Thifc is typical of this well-defined type of dyke rock which in- 
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eludes also [8149, 8327, 8359]. Plagioclase felspar is the chief 
fi>Dstitaent, its habit is usually lath-shaped crystals of rect- 
ao^lar outliue, and in this gi'oup of rocks it is evident that in the 
majority of instances it is idiomoi*phic. On the other hand fields 
are seen in all the sections examined that give good examples of 
micro-pegmatitic intergrowths with quartz. As regards its struc- 
rare, the felspar is very much altered, being almost entirely con- 
certed into sa^ifisurite from the centre outwards to. the edges of the 
erystals. Sufficient evidence was, however, on hand to detennine 
ibe presence of repeated twinning on the albite plan in the original 
aoaltered mineral, this was seen to the best advaniage in [8149, 
SS17]. Owing to the state of alteration of all the crystals it is 
impossible to say whether the mineral contained enclosures in its 
oripnal state, the masses as now seen give no evidence of this. 
In some sections part of the slides show the presence of horn- 
blende fibres and chloritic matter in the forms of gi-anules and 
fibres as an alteration product of the rock. The quartz of this 
?n>up is present in the usual irregular masses so much associated 
v^ith the granites, and, as already mentioned, in micropegmatitic 
intergrt)wth with plagioclase felspar. The mineral, when compared 
with samples from other rocks, is very free from inclusions. When 
ihese are present they generally take the form of long narrow 
neetlles which .show up in high relief (rutile or tourmaline), or are 
present as prisms and hexagons of apatite. Zircon was also seen 
in a similar rock [8149]. Silica is also present in a cryptocry- 
stalline condition, and is a very distinctive feature of this group. 
Every slide gives good examples of radiating tufts and spherular 
agjrregates of chalcedony usually associated with the quartz and 
in [8149] seemingly a decomposition product of the felspar. 

The identity of the original ferro-magnesian mineral is a 
matter of some doubt« owing to the amount of alteration that has 
gone on since the rock was formed. An examination of all the 
sseetions shows that whereas its relationship to the felspar is dis- 
tioctly allot riomoi*phic it is difficult to say how it stands with 
reference to the quartz on account of alterations that have taken 
place. 

Some of the sections suggest augite in the long lath-shaped 
crystals so often associated with trachytes, and this is most likely 
the original mineral of this group. Whatever the primary mineral 
vas, it has now quite disappeared, and in its place we usually get 
a greenish yellow or greenish hornblende with the characteristic 
babit and cleavages of the mineral, greenish chlorite and chlofitic 
material and biotite. 

The outward appearance of this rock suggests much altered 
hornblende, and the microscopic section proves its truth. Here 
we see practically none of the original mineral, its place being entirely 
taken up by secondary hornblende, altering hornblende, chloritic 
niaterial and chlorite. This latter product can here be studied to 
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great advantage, every step of the change can be viewed, and it 
is seen to be much more complete than was shown in any of the 
other sections, the coating of the felspar crystals, the penetration 
of the chlorite and the alteration of the adjacent felspar into 
epidote is most apparent. Ilmenite and leucoxene are abundantly 
associated with the hornblende, etc., in this section. 

[814fl] See. 879i This is a medium-grained greyish rock 
consisting of feiepar, qiiartz, and hornblende, witli numerous segre- 
gations of the latter mineral, 5 or 6 m.m. in diameter and rarely 
more than 10 m.m. apart. The chief constituent is seen to be 
plagioclase, showing a tendency to form lath-shaped crystals and 
giving some examples of repeated twinning. Quartz is very plenti- 
ful and appears, to have been the last mineral to cjystaJlise out, 
it is clear, contains few inclusions, chiefly minerals ( f apatite, etc.). 
Hornblende is scattered throughout the section, it is rather altered 
and iron-stained, has a greenish yellow hue, and is darker near the 
edge. There is a good deal of titaniferous iron present in the rock. 
Zircon, apatite, epidote, and chalcedony present as secondary 
minerals. A little fresh, clear, and bright secondary hornblende 
is to be seen at the edge of some weathered masses of the same 
mineral. 

[8327] Sec. 907. Quartz Diorite near Elverdton Dam. This 
is a mottled rock of medium grain composed of masses of dark gi^een 
or blue hornblende and white or greenish plagioclase. Under the 
microscope the rock is seen to consist of plagioclase, hornblende, 
and quartz with ilmenite (leucoxene) and apatite. As alteration 
products or secondary minerals may be mentioned epidote, chal- 
cedony, secondary hornblende and chlorite. Plagioclase is present 
as the chief constituenit, and it is vei-y doudy, so that it does not 
give good polarL^ation reactions, still its outline is very dis- 
tinct, and suggests this mineral rather than orthoclase. It often 
contains small inclusions of the ferro-magnesian minerals present 
in the rock. Hornblende is present in two ages, the one brownish 
in colour and much iron-stained is idiomorphic and is fairly plenti- 
ful. In places it is changing into a bright gi*een and fresh-looking 
hornblende, the nature of which can easily be determined on ex- 
amining crystals placed adjacent to quartz and felspar. Quartz 
is very nearly as plentiful as the original hornblende. It contains 
nuLierous inclusions consisting of apatite, etc. Associated with it 
are many masses of chalcedony. A fair amount of ilmenite, chang- 
ing into leucoxene, also epidote, chlorite, apatite, and zircon are 
present. 

[8359] Sec. 910. Quartz Diorite. 25 chains N.W. of N.W. 
comer of G.M.L. 101, Ard Patrick. This is a medium-grained 
granitic rock, the chief constituents being white plagioclase felspar, 
at times inclined to be greenish in hue, and dark green hornblende 
which is generally in lath-shaped crystals. A little quartz could 
also be recognised by the aid of a lens. 
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Under the microscope cloudy twinned and untwiuued felspar 
is seen to be the predominating constituent; its usual tendency is 
to crystallise out in long rectangular crystals, but in some portions 
of the slide a fine micro-pegmatitic intergrowth with quartz is 
seen, in others there is not the slightest doubt that the felspar 
is idiomorphic as regards the hornblende. The mineral is very 
cloudy and contains many inclusions of hornblende and chlorite. 

The hornblende is present in two ages, the original mineral 
is brownish in colour and only slightly pleochroic, whilst its effect 
upon light with crossed nichols is not very marked. The secondary 
mineral, however, is a bright green, and gives bright colours and 
shows intenser pleochroism. 

The older mineral is much altered, and is associated with a 
number of fine ilmenite crystals, and may have been formed before 
the felspar. The quartz is present in fairly large crystals and 
interstitially. On the whole it is very clear and free from inclu- 
sions, though a fair number of apatite rods are to be seen. Its 
nricro-pegmatitie inter^owth with felspar has already been noted. 
A little brown biotite is seen and some chalcedony may be pre- 
sent. 

This will be a quartz diorite rather more basic than [8149, 
8317, 8327]. Chalcedony appears to be present; a little was seen 
but it was so limited in extent that it could not be seen to advan- 
tage. 

[8316] Sec. 923. Quartz diorite. Near S.W. corner of G.M.L. 
132, Darley. ' This is a medium-grained rock of a granitic type, 
it differs from all the other specimens from the district in the pre- 
sence of pink felspar, the other components are hornblende and 
plagioelase, the ferro-magnesian mineral being slightly porphy- 
ritic. 

Under the microscope the porphyritic structure is accentuated 
and it is seen that plagioelase is present in lath-shaped crystals 
and in smaller masses, being in fact the chief constituent. The 
rock is fairly fresh, and in consequence we get good polarisation 
results when compared with the other quartz diorites. In places 
micro-pegmatitic intergrowth with quartz is to be seen. Twins 
very codmuou, giving an angle of 15 degrees (oligoclase-andesine). 
The quartz is fairly abundant in small sized gi-ains, and in 
larger maases, where it is associated with the felspar, it resembles 
the quartz of the other classes of rocks examined, in the presence 
of needles of rutile (or tourmaline) and prisms of apatite as inclu- 
sions, besides more minute crystalline matter that could not be 
identified. The ferro-magnesian constituent presents interesting 
features. The original mineral has become greatly changed; in 
places it is still present as a green hornblende, but as a rule it 
has become disintegrated, has altered into epidote and secondary 
hornblende, which is very fresh, and shows the characteristic 
cleavages, or has given rise to greenish chloritic material which 
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has spread into the adjacent minerals. The relationship between 
the felspar and the hornblende was diffieult to ascertain on account 
of the alteration subsequent to crystallisation, but it is safe to 
assume that here again the felspar is idiomorphic, whereas the 
quartz is interstitial where not intergi'own witli the felspar. Ilmen- 
ite and leucoxene are present as accessories, and show their usual 
features, including skeleton crystals. Apatite is present in some 
fine large prisms. Biotite is to be seen in the masses of alteration 
products resulting from the decomposition of the original ferro- 
magnesian mass. There seems no doubt that some of the iron ores 
are the result of the same process of alteration. 

[8148] Sec. 878. Quartz diorite, near M.L. 248, Red Hill. 
This is a medium-grained rock with white crystals of felspar and 
dark green hornblende in one part, whilst in the other portion the 
texture is finer and there are no large crystals. On one side of tlie 
specimen a layer or band of biotite covers nearly the wlwle surface, 
showing that the rock has been subject to a considerable amcmnt of 
met amorphic action. The micro, section examined shows both the 
fine and coai-se-grained rock. In the latter portion we find that 
altering plagioclase and secondary felspar (albite) are the chief 
constituents; the former is so much altered that the polarisation 
effects are quite obscured, and no determination is possible. The 
albite on the other hand is quite clear and fresh, and gives good 
opportunities of measuring the extinction angle — 16 degrees. 

The hornblende is very fibrous in its structure, but gives fine 
polarisation colours and quite distinct pleochroism. There is a 
good deal of iron ore present in tlie form of ilmenite, which by its 
relationship with the hornblende suggests very forcibly that both 
these minerals are the resultants of metamorphic action up<ui the 
original ferro-magnesian mineral, which contained much more iron 
than the present fibrous hornblende. Apatite is present as an 
original, whilst chlorite and biotite (enclosing lenses of quartz) 
and (juartz are present as secondary minei'als, thougli some of the 
last-named may be original. 

In the more fine-grained portions we have the same minerals, 
but here they are all uniform in size, and we have a greater amount 
of secondary quartz and albite. The brown bleacliing biotite is also 
much more abundant, the whole fine-grained mass reminding one 
very much of the Kersantites. though the colour of the biotite is 
not identical. In this rock the form of the hornblende is the most 
noticeable feature, for this variety is only rarely met with among: 
the other rocks examined. We generally get a weathered or alter- 
ing hornblende giving somewhat anomolous c<dours and a fresh 
secondary fonu in which — 

B = straw yellow. 

h = dark green. 

t = blue green. 

These colours do not agree with those given by the fibrous form 
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present in [8148], which reads very pale straw, green and pale 
bine. 

Among this group of quartz diorite rocks there are several 
specimens which are much finer in structure ; these are [8141, 8313, 
«t€.], which will now be described, the latter shows white or pale 
patches which look like somewhat altered or weathered felspar, as 
[M41]. This, which we take to be the better sample, will be gone 
into first. 

It is a blue-black compact rock showing nothing but honi- 
Wende crystals to the naked eye. By the aid of the microscope 
it is seen to consist of green or greenish hornblende usually in the 
form of fibrous masses somewhat similar to [8148], but not differ- 
ing so much from the usual run of hornblende met with in the 
<iiorit€S. Under the microscope the general type of the rock is very 
like the diorites just described, the felspar ( plagioclase) is present 
in idiomorphie crystals all much altered and in irregular masses. 
Some of them show signs of twinning and give polarisation colours, 
bat not of sufficient value to enable the group of the felspars to be 
diagnoiied. Albite, hoAvever, is present. The hornblende is very 
similar to that described before, and from its freshness is pro- 
bably secondar>\ Very little quartz is present, and that which is 
to be seen is interstitial and secondary. No accessory minerals 
are recognisable in this rock. Among the chief constituents the 
hornblende is by far the most important, and is remarkable for 
the presence of small needles which are forcing their way into tlie 
fekpar on every hand. 

f8313] has already been described as regards the hand speci- 
men. Tlie micro slide shows the rock to be more altered than the 
P^Beeding. The hornblende is very fresh and gives some splendid 
examples of basal and prismatic cleavages and twins, whilst all 
the masses give good pleochroism and polarisation colours. The 
felspar, which is taken to have been a plagioclase, is much altered, 
some masses being completely altered into saussurite, not a single 
mass being fresh enough to allow the determination as to group 
to be undertaken with success. The quartz is clear and contains 
fine prisms of apatite, but few other inclusions. Suggestions of 
oiero-pegmatitic intergrowth with felspar are to be seen here 
and there. Ilmenite is present as skeleton crystals, and is 
'Gently in part, if not wholly, an alteration product derived from 
the original ferro-magnesian mineral. Sphene and biotite are also 
t4) be seen as well as a little epidote. 

[8566] This fine-gi'ained rock is somewhat darker in colour, 
bnt its essential points agree with the two previous rocks. With 
the microscope we see that it consists of much altered felspar 
(saussurite) and green hornblende and chloritic material. The 
hornblende is much changed, and only in rare intervals gives good 
or fairly good polarisation results. Most of the ferro-magnesian 
mineral has undergone a great deal of change, and has even gone 
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as far as to be partially converted into chlorite. Secondary albite 
and quartz are abundant, Hllinp: up all the cavities between tlie 
lar|2:er masses of minerals. Here we evidently have to deal with 
a diorito that is very highly altered, indeed, perhaps more so than 
any other of the series; a rook, too, which may be found to be a 
connecting link between this group and the so-called **Camp- 
tonites'^ which are to be described later on. 

[8465, etc.] Camptonites. These rocks are all fine grained, 
and of a grey-blue or grey-green colour. As a rule they show no 
definite crystals, though traces of cleavage faces and crystal faces 
can easily be seen even with the naked eye. The constituents are 
chiefly hornblende, which is present in large crystals of a secondary 
nature [7826, etc.] or in smaller crystals and grains [7825, 8465] 
that at times can scarcely be termed porphyritic. The felspar is 
sometimes represented by weathered porphyritic original crystals, 
but generally is only seen as one of the component parts of an 
albite quartz matrix or mosaic. Accessory minerals in the form 
of iron ores, etc., are to be seen. As the structure of some of these 
differs from the true camptoni-te type it has been thought necessary 
to draw attention to the fact before proceeding further. 

The rocks themselves iiio show a diversity of structure gener- 
ally however of a purely secondary nature. Roughly speaking, they 
may be divided into two or three classes. We have the series 
[8465, etc.], which show the following micro structure: — 

The hornblende is very abundant, consisting of gi*een and yel- 
lowish masses and lath-shaped crystals scattered proniiscuouslj' 
throughout the mass and adopting a rudely aggregated structure. 
Its general appearance is very characteristic, these remarks refer 
not only to its shape or fonn but also to its pleochroism and polar- 
isation effects. The felspar as already mentioned is practically 
confined to the ground mass where it and quartz form a very tine 
grained mosaic so characteristic of secondary albite. Some of the 
sections, particularly [7825], show the remains of large twinning 
porphyritic ciystals of plagioclase. which are much altered and fnll 
of needles and prisms of green hornblende. Brown biotite and 
epidote are also to be seen as secondary minerals. 

In most of these sections we find small grains of iron ores 
(ilmenite, etc.), scattered all over the field. These it seems are the 
result of the alteration of the original ferro-magnesian mineral 
altering into a less iron-bearing form. 

[8319] is a very similar rock to all the above, but shows si^ns 
of incipient schistosity in the parallel arrangement of the smaller 
hornblende prisms. 

[8325] is a rock very similar to this group of Camptonites. W?"e 
have the albite mosaic and gi*ains of iron ores and the usual horn- 
blende, this latter however seems to be altering into long, clear, 
coloui'less prisms or needles that may be an amphibole, but which 
are difficult to determine with certainty; the whole rock is very 
doudv and is evidentlv altered and weathered. 
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The second class of Camptonites differs from the first in the 
presence of many long, clear hornblende crystals which seem to be 
forming ont pf and on the smaller masses of the earlier generation. 

[7826] shows the albite mosaic and the grains of iron ore in 
their characteristic forms as noted in the earlier Camptonites. The 
honiblende, however, is different, the earlier generation is present 
in small fragments of a brownish hue, but are almost pushed out 
of existence by the many masses of the later amphibole. This is 
seen in long ragged masses and well defined crystals giving good 
eleavage lines and very characteristic pleochroism and polarisa- 
tion results. Many fine twins are to be seen. Quartz is present in 
conjunction with the albite, copper pyiites fairly abundant, apa- 
tite seen. Biotite may also be present but is not easy to determine 
in this specimen. 

[8145] is very similar to the preceding, the biotite is easily 
recognised whilst the remains of porphyritic felspar crystals are 
very prominent. A little apatite is also noticeable in long, slender 
rods. 

The next three rocks, though they resemble the preceding to 
a great extent, have some features in common with the Kersantites, 
for instance, brown hornblende and biotite are becoming more 
prominent, so much so in fact that it is a matter of doubt whether 
they might not just as well be classed as Kersantites, which prac- 
tically only differ from Camptonites in a greater percentage of 
biotite and a smaller amount of hornblende. 

Ill this district, at any rate, the main features of the two 
groups and their constituent minerals only vary in their relative 
abundance in the main masses of the rocks. The biotite is not 
produced by pressure for no signs of schist osity can be seen on 
any of the specimens. 

[8560] contains the remains of phenocrysts of plagioclase now 
Cfinverted into albite, a much greater abundance of hornblende 
and a good deal of ilmenite, giving some fine skeleton crystals. As 
before stated, all the minerals are very clear and look exceedingly 
fresh. 

[8561] similar to the above, but with rather finer grained 
hornblende, more brown hornblende and biotite and altering fel- 
spar forming albite and quartz and serieite (?). 

[8469] is practically an amphibole rock with a little intersti- 
tial albite quartz and iron ore. Even in the hand specimen the 
mass is bristling with crystals of hornblende showing their bright 
and glistening cleavage faces. 

The ** Camptonites*' appear to pass by insensible degrees into 
typical Kersantite dykes, members of the former group being 
known with less hornblende and considerable biotite and of the 
latter group with much hornblende in addition to much biotite. 
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[7912] Sec. 947, Kersantite. 300 feet Mt. Cattlin Mine. This 
rock bears a great resemblance to [8469] the only noticeable dif- 
ference being a greater proportion of felspar apparent to the eye; 
the presence of more veins and the presence in them of quartz and 
felspar. 

Under the microscope it is seen at once that we are dealing 
with a different type of rock, whereas bluish green, green, yellow- 
ish green horablendes are still the chief constituents as in [8469], 
the percentage of biotite has nsen considerably. This ferro-mag- 
nesian mineral bears the same relationship to the hornblende as 
in the other rock, similar phenomena being noticed. Again there 
is a greater amount of weathered felspar and interstitial albite, 
together with the occurrence of rather more quartz and mica. From 
these facts it would not be indefensible to class this rock as a type 
intermediate between Camptonites and Kersantites. 

The specimen examined is not very fresh, the hornblende has 
lost some of its clearness, the felspar (excepting the secondary 
albite) is very cloudy and the mica shows lenticular enclosures 
which in some eases are possibly calcite and in others (giving 
lower polarisation colours) are undoubtedly quartz. This bio- 
tite also shows signs of altering into a green decomposition pro- 
duct. 

[8667] is very similar to the above, the minerals are smaller. 
The quartz is more equally distributed throughout the rock and 
augite is represented by a few small grains. 

[7823] shows all the essential features of the above. Chlo- 
ritic decomposition products are associated with the biotite and 
octahedra of magnetite make their appearance. Two porphyritic 
crystals of quartz are to be seen in the section round w^hich the 
other constituents (chiefly the biotite) have formed themselves in 
a manner which suggest ^*flow structure'' or **augen structure.'* 

[8466] shows a general structure similar to the preceding but 
differs in the greater* abundance of small laths of green horn- 
blende and numerous octahedra of magnetite. 

[8467] from a neighbouring mine shows much more olive 
brown biotite and less hornblende and has no quartz phenocrysts. 

[7822] is like the preceding but contains two altering plagio- 
• clase crystals which are porphyritic. 

[8462] is similar to the above showing a few quartz* pheno- 
crysts as well as the plagioclase. 

[8468]. In this we have a rock very like some of the Camp- 
tonites as well as the Kersantites. In a ground mass consisting of 
a mosaic of albite, green prisms, rods, or laths of hornblende, etc., 
we have large p>orphyritic crystals of corroded biotite being altered 
into long fibrous crystals of a clear and colourless hornblende 
which gives fine colours and in places shows the characteristic 
cleavage. To increase the resemblance a fair amount of ilmenite 
and pyrites is scattered throughout the rock. 



This will be an intennediate type which bears a greater re- 
Kmblanee to Kersantites just as [8560, 8561, 8469] swiug towards 
the Camptonites. 

[8155] Sec. 883, Hornblende-Eelogite. Ravensthoipe Range, 
mi of Ravensthorpe. An analysis of this rock is given on page 
27. 

Microscopical examination shows a fair number of small pale 
pink garnets full of inclusions of the matrix, in a schistose mass 
of fine grained quai-tz, albite, hornblende, the latter often showing 
a tendency to form radiating tufts. A few larger phenocrysts of 
primarj' quartz and very cloudy lath shaped felspars are present. 
Umenite is abundant, a few grains of epidote, bright yellow in 
eolonr, are also to be seen. This is an altered rock of intermediate 
composition. 

[1911]. This is very similar to the above, but contains num- 
erous garnets and is rather darker in colour. The micro-section 
shows many pale clear garnets and a few large crystals of quartz 
and felspar in a matrix of quartz, albite and hornblende, the latter 
win [8155] being veiy abundant. This is most likely a portion of 
the same rock altered in a similar way. 

[1883] is similar to the preceding but paler in colour. Micro- 
scopical examination shows fine clear pink garnets full of en- 
closures and pale fibrous hornblende in a matrix of quartz albite 
Md hornblende with countless gi*ains of ilmenite bearing a great 
resemblance to some of the so-called ** Camptonites. " 

[8533] is micaceous and schistose and is best termed a Garnet- 
iferous biotite schist, the garnets are very numerous and of large 
size. 

[1906] is .very similar but has much smaller and fewer garnets. 

ULTRABASIC ROCKS. 

Serpentine,— The most basic class of igneous rocks is repre- 
sented by an intrusion now all converted into Serpentine. On the 
surface this weathei's largely into magnesite. 

[8154] Sec. 882, Serpentine, 1/2 mile W.N.W. of the Last 
Chance mine. This is a mottled dark blue and greenish rock con- 
«isting of patches of green material in a dark blue base. Traces 
'>f a crystalline structure can be seen particularly at one edge of 
the specimen. The whole rock has a serpentinoiis appearance. 
Inder the microscope the rock shows much green serpentine, as 
^ell as the remains of felspar crystals. Pi*om the structure of the 
foirmer and the distribution of the magnetite it seems probable that 
the original rock was an olivine gabbro. 

[8326] Sec. 924. Serpentine, 2 miles S. of M.L. 266. A blue 
black rock with yellowish-green patches. Under the microscope the 
lofk is seen to be an almost pui*e serpentine with mesh structure 
and minutely fibrous. A fair amount of magnetite dust is present 
as well as some quartz grains. Evidently an altered peridotite. 

See also '^Amphibolite'' [8322]. 
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PART III.— Description of the Mines. 

Historical — The history of this field may be said to ooiumence 
in 1892, when tlie Brothei*s Stennett discovered gold in small 
quantities in conjunction with copper and iron pyrites, but owing 
to the scarcity of fresh water in this locality and to the fact that 
sensational discoveries were made about this time at Coolgardie, the 
further prospecting of this distiict was for the time being 
abandtnied. 

The piesent writer crovssed this field upon his way to act as 
the first Warden of the Dundas about this period, and was so favour- 
ably impressed with its mineral character that he strongly recom- 
mended further pixxspecting. 

In the early part of 1899, the Dunn Brothers discovered aurifer- 
ous (juartz upon the weMeni edge of the mining belt, not far from 
their homestead at Cocanarup, where they applied for a lease which 
they called the Jim Dunn's Wonder, but although the official statis- 
tics do not show any return from this lease, it undoubtedly drew 
attention to this district, for shortly after^-ards a large number of 
others were pegged ,<mt and applied for to the northward upon the 
same line of country. 

The original discoveries, as a nile, consist of fragments of 
auriferous quartz, scattered over a clayey surface, which was mostly 
covered with dense scrub, A^-iiilst the reefs had to be prospected for 
by trenching. 

Pmspecting in these early days was ccjuducted under great diffi- 
culties on account of the scarcity of freeh water, whilst owing to 
the fact that the whole ai*ea is pretty t^iickly covered witU poison 
plant, neither hoi*ses nor stock could be depastured. 

The discovery of this belt of gold reefs was (juickly followed 
by that of the copper lodes in the vicinity of Ravensthoipe, also at 
the foot of the range to the north-eastward, which are now known 
as the Mt. Benson gronj). 

In the early part of 1900 Mr. Torrington Blatchford, Assist- 
ant (roveniment Geologist, inspected this field, his report upon 
which, accompanied by a geological sketch map, was published in 
June of that year as Bulletin No. 5 of this Department. 

On accouiU of further discoveries being made during the same 
year, of the Mt. Desmond and Kundip Centres, a further inspec- 
tion became necessary; therefore, the semces of the present w^riter 
were requisitioned, his report appearing in the Annual Progress 
Report of this Department for 1901. 

Early in the year 1903, Mr. A. Montgomery. State Mining En- 
gineer, visited this field with the object of advising the Government 
regarding the erection of State Smelting Works, and his full report 
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in pamphlet form was published by the Mines Departmeiiit in the 
same year. These smelting works were then erected and nm with 
varying success^ first at a position upon the Cordingup Creek, and 
later at the present site, whieh is about one mile to the eastward of 
the town. 

The State Mining Engineer's report was supplemented by one 
dated June, 1905, published in the Annual Report of the Mines 
Department for 1904, and also by notes on the progress of ttie 
State Smelting Works in the Annual Reports for the years 1905 and 
1906. 

In the year 1906, these works were sold by the Government to 
the Phillips River Gold and Copper Company, Limited, who have 
now greatly increased their capacity by the addition of reverberating 
furnaces and a convei-ter. 

Towards the end of 1907, the State Mining Engineer was again 
despatched to the field with the object of advising the Minister as 
to whether the prospects of the district warranted the Government 
in the construction of a railway line from the Coast; his full report 
appeared in the Annual Report of the Mines Department for 1907. 
Mr. Cullingworth, the Inspector of Mines, also wrote several reports 
which appeared in the Press of the same year. Since many of the 
mines examined and reported upon by these officers are either 
closed down or an inspection of the upper levels is now impossible, 
it will assist very greatly in the study of these ore deposits if the 
reports above referred to are read in conjunction with the present. 

The railway line is now an accomplished fact, whilst several 
good reservoire have been constructed, which supply water both 
for domestic and mining purposes. 

The Mines, — This field is at the present time passing through 
a period of extreme depression, whidi is very generally ascribed 
to what is called the "slump in the copper market," if, however, 
the market price obtained for this metal a few years back is re- 
called, it will at once be apparent that this cannot be the sole 
reason, since the present price is as high as it was at the inception 
of the field, the low value being more apparent than real, since it 
is only comparatively so with the abnonnally high figrure reached a 
year or so back. 

The low market is, therefore, clearly not responsible for the 
existing state of things, which may with much greater reason be 
ascribed to the liberal Government assistance which has enabled men 
without capital to mine the richest portions of a number of lodes 
from the surface down to the water level and to dispose of the ore 
for cash at the State Smelters upon the most favourable terms, 
the result being that so long as the rich and cheaply worked bunches 
lasted, a mild boom set in, whilst this was further prolonged by the 
rise in the copper market above refeiTed to, which rendered much 
lower grade ore payable. 

Upon the top of this boom, cei'tain capitalists secured options 
over a number of properties and upon these vigorous development 
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was coiniiieneed, with the result that a considerable impetus was 
jfiven to business in the town, where a largfe iminber of new build- 
ings were erected. Owing, however, to the sudden fall in the mai'ket, 
it was found impossible at the tune to launch these mines success- 
fully upon the London market, and, in consequence, some ha\-e been 
abandoned, whilst upon the remainder only a limited number of 
men are employed. 

At the present time, a large number of the smaller mines are 
at a standstill, owing to the fact that the greater portion of the 
marketable ore above the water level has been raised, whilst funds 
are not available for the purchase of the necessai'y machinei*}' to 
develop them further, the consequence being that the owners have 
been living in hope that the completion of the railway line would 
either cause a very considerable reduction in the' smelting charges 
or a revival of interest to take place, which latter would enable 
them to sell out at a profit, but since these properties have, in the 
majority of cases, been so favourably reported on officially, a much 
higher price is expected than there is any likelihood of being ob- 
tained. 

The condition of the small holders upon this field is, therefore, 
in a vei-y bad way, which neither the railway line nor cheaper smelt- 
ing can but temporarily rdieve, for if duiing the boom time the 
lease owners were unable to purchase pUnt to work their mines 
below the water level, they have little prospect of doing so upon 
the realisation from lower grade ores. 

There can be no question but that the future of this field is 
entirely dependent upon the introduction of outside capital, it is, 
therefore, to be sincerely hoped that those properties still held by 
the Phillips River Gold and Copper Company will develop up to 
expectations, for if such is the case, confidence will be established 
and many others will be taken up and worked. Should, however, 
anytliing unforeseen occur to cause this company to cease opera- 
tions, this field may be considered as dead, for it would be impossible 
to induce persons to provide further capital for a ctmsiderable time 
upon the top of an acknowledged failure. 

In the description of the mines which follows, the three main 
centres of Ravensthorpe, Mt. Desmond and Kundip, have been taken 
separately, whilst the fii-st mentioned of these has been subdivided 
into three gi'oups, called respectively, the Western, the Central, 
and the Eastern. 

The first of these latter embrace the earliest discovered lodes, 
which are contained in what may be called the auriferous belt, but 
since these are now practically abandoned, any reliable information 
regarding them can only be obtained by reference to the official 
publications previously mentioned, and this remark also applies to 
certain of the copper mines in the Central and Eastern Groups of 
the Ravensthorpe Centre. 

Generally speaking, the lodes are of one character, viz., basic 
intrusions, usually highly femigmous and siliceous at the surface. 
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where they are, as a ntle, practically destitute of copper, but fairly 
rich in gold, whilst in the balance of the oxidised zone they may, in 
addition to gold, carry a considerable percen-tage of copper, which 
oeenrs in the form of ferruginous oxi-carbonates. In the sulphide 
zone and below the water level, the gold values perceptibly decrease, 
or practically cease, whilst the copper and iron ores pass directly 
from carbonates and oxides into primary sulphides, with scarcely 
any indication of secondary sulphide enrichment. 

The richer portions of bath the copper and gold lodes above the 
ground water level, are purely secondary enrichment, lacking both 
size and definition, and, therefore, cannot correctly be described as 
shoots, whilst below it, the sulphides are mostly disseminated 
through a body of lode stuff of considerable size, upon which in 
only one or two instances, has sufficient development been done to 
prove their character. 

With the exception of the Mt. Cattlin and the Elverdtoii mines, 
little has been done below the water level, therefore, it is at the pre- 
sent time impossible to staite with any degree of certainty how these 
ore bodies will behave at a gi'eater depth, but so far as the evidence 
goes they will, in the majority of cases, prove to be of too limited 
extent to be payable when the hard country is struck; others again 
promise to be a fair size, but of very low grade, whilst the remainder 
which are of considerable size, promise to yield a large quantity 
of low grade ore suitable for concentration. 

Some of the mines are worked exclusively for gold, but these, 
like those in the Western Group, will, in all probability, make into 
low grade copper lodes at a depth wiieu, even if the gold values 
do not fall, the veins are too small and the values too low to be 
worked profitably in the hard country below the water level. 

In the coi>per mines proper, the ore has, up to the present, 
been hand picked, the higher gi-ade sent to the smelting works and 
the more siliceous. lower grade, if carrying high gold values, to the 
battery, by wliich latter process about 40 per cent, of the contents 
is recovered, whilst the sands, after passing over Wifley Tables, 
eontain too high a percentage of copper to be amenable to cyanide 
treatment. 

The returns furnished by the various mine owners do not 
represent tlie tonnage raised, since a large quantity of the low grade 
ore is thrown upon one side, whilst the balance is divided into two 
classes, one called firsts, or copper ore, and the other seconds, or 
crashing stone. The first of tbese is sold upon assay and the returns 
furnished being total metallic contents, whilst the second is crushed 
at a battery, wiien the extraction return is given, which, as before 
stated, is usually only about half of the total gold contents. The 
concentrates from the battery treatment are also smelted for copper, 
but the returns under this head do not show the total amount of ore 
from which they were obtained, but in its place only the tonnage 
of a concentrated portion, whilst the value given in pounds sterling 
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does not represent the sum paid for the ore, but the full market price 
at the time of the metallic eop|>er contents of the ore. 

Under the gold returns, upon the other hand, the number of 
tons crushed are given, but against this only the quantity of gold 
recovered by amalgamation, wliich is usually under half the con- 
tents. It will be apparent from this that the \^lue of one portion 
of the ore is over stated, since nt) deductions are made for loss, but 
in the second it is not credited with the concentrates which actually 
are a portion of it, whilst the value of the ore is absolutely 
fictitious, because it represents the total metallic contents reduced to 
its highest state of purity upon the London market. 

In the following table, the totals show all the ore treated, either 
by smelting or battery, the gold being the total of the assay returns 
from account sales notes added to the quantity recovered by amal- 
gamation, and is stated in fraction of ounces per ton, whilst the 
copper contents is based upon a percentage of the t<ital tonnage 
treated. 

In the grand total for the last eight yeai-s of this field's exists 
ence, it is shown that the ore which, upon the average, contained 4 
per cent, of copper and V2 ounce of gold, may be roughly valued 
at £4 10s. jier ton. The vei'y apparent falling off in the value of 
the copper ore production for lf)08 is more apparent than real, 
being entirely due to the fact that the smelting works were closed 
down, therefore little ore was sold, whilst a larger quantity was 
crushed as seconds. 

The usual practice of dealing with such questions as water 
supply, timber, fuel, fluxes, means of transport, smelting works, 
machinery and mining methods, together with the class, quantity, 
and suitability of the ore for smelting, concentration, or other metal- 
lurgical treatment, will not be touched upon here, since they have al- 
ready been so exhausitively reported upon by the Stat« Mining En- 
gineer, to whose province they properly belong. 

Table showing Ihe Yield of Gold and Copper from the Phillips 
Riier Goldfield, 





Year. 


Ore 


Gold 


Rate 


Copper 


Copper 






treated. 


therefrom. 


per ton. 


therefrom. 


value. 






tons. 


ozs. 


ozs. 


tons. 


^0 


1900 




34.00 


36.72 


1.08 


10.18 


30.00 


1901 




1,281.14 


665.83 


0.52 


258.64 


20.00 


902 




9,B98.60 


7,441.30 


0.76 


23.36 


0.24 


1903 


• • 


9,741.08 


7,050.73 


0.72 


214.69 


2.20 


1904 


.. 


9.738.49 


4,016.63 


0.41 


486.02 


5.00 


1906 




5,098.54 


2.663.26 


0.50 


307.66 


6.00 


iro6 


. . 


6,086.68 


2,779.89 


0.64 


287.24 


5.63 


1907 




14,104.62 


4,313.87 


0.31 


668.73 


4.67 


To June, 1908 . . 
Total . . 


3,611.38 


1,718.18 


0.50 


62.95 


1.74 


58,394.43 


30,586.41 


0.52 


2,308-27 


4.00 
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THE RAVENSTHORPE CENTRE. 

This eeiiti-e includes three quite distinct groups of mines which lie 
round the township from the north-eastward to the south-west- 
ward. 

The fii"st of these, which may be called the Western group, 
stretches in one almost unbroken line eiglit miles in length, which 
strikes in a north-east and south-west direction, the nearest point 
of which belt is about two miles north-west of the town. 

These mines, without exception, were originally worked ex- 
clusively for gold, some of them carrying fairly high values near the 
surface; at greater depths, however, when the sulphide zone was 
pwched, they invariably become poor. 

There are only two in this group worthy of the name of mine, 
Tii: the Maori Queen and the Floater, the latter being the only one 
6till held, although at present under exemption. 

The .second or Central group consists entirely of copper mines, 
which lie scattered in an irregular manner in the zone of dislocation 
which is situated immediately to the northward of the town, 
ind extends as far as the Mt. Cattlin mine. 

This group contains the original copper discoveries of this field 
aud also the deepest mine. 

The Eastern group are also copper mines, which lie in the con- 
tact zone close to the base of the range, but strike off from it in a 
westerly direction. 

' As before stated, the gold mines are practically all closed down, 
whilst with the exception of one or two of the copper mines they are 
pretty well in the same condition, the reason in the first-mentioned 
«w being that the values gave out in the hard country, and in the 
latter practically all the accessible ore has been raised, whilst that 
in the hard country below the water level cannot be worked without 
oiaehinery, even if the lode prove to be large and rich, of which in 
a»ogt cases there is very considerable doubt. 

The Western Group.— In the greenstone area, Avhich lies to the 
north-westward of the town, a belt of mines about eight miles in 
leng^th have been worked for gold. 

This group of mines, although the first discovered upon the field, 
bve not as a rule been extensively worked, and are now mostly 
abandoned owing to the small size of the lodes, the limited extent of 
fte payable stone, and the hardness of the enclosing rock below the 
*ater level. 

Outcrops are of rare occurrence, the surface being usually 
wvereil by a layer of red clay about six feet in thickness, clothed by 
fairly dense scrub, the only indication of reefs being strewn frag- 
ments of quartz. 

The lodes in this area are mostly siliceous and much iron-stained 
enclosed in a solid amphibolite country often intersected by small 
pegtnatite dykes. 
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At a (?om pa natively shallow depth, and before the gi-ound water 
level is reached, sulphides of iron and copper make their appearance^ 
and the lode matter passes into a schistose greenstone, whilst grold 
values materially decrease. 

For particulars with regard to them reference should be made 
to the previous official reports mentioned in the introduction. 



Table showing the Yield of the Mines of the Western Group — 
Ravensthorpe Centre. 



Year. 


Name and Number of Lease. 


Ore treated. 


Gold there- 
from. 


Copper 
there- 
from. 






tons. 


ozs. 


tons. 


1902 


Alpha, G.L. 20 

All for the Best, G.L. 3 . . 


10.00 


2.63 




1902 


35.00 


18.92 




190 J-7 


Bobby DazzW, G.L. 115 


18.00 


38.59 




1902 


Bridgetown, G.L. 15 


15.00 


8.76 




1902 


Christiana, G.L. 36 


50.00 


13.14 


. 


1902 


Commonwealth, G.L. 10 . . 


60.00 


28.91 




1902 


Coronation, M.L. 48 


31.00 


18.14 




1902 


Cousins Glory, M.L. 13 . . 


80.00 


32.46 




1902 


Cumberland, G.L. 38 


20.00 


3.50 




1902-4 


EUendale, M.L. 26 


70.00 


36.80 




1906 


Ellen Tommy, G.L. 93 . . 


34.00 


14.26 




1904 


Eureka, G.L. 64 . . 


29.00 


33.38 




1901-8 


Floater, M.L. 21 . . 


12,881.19 


10,933.81 


.49 


1902 


Floater Proprietary, G.L.4o 


30.00 


14.89 




1902-3 


Goklen Link (Day Light), 
G.L. 63 


45.00 


30.25 




1902-7 


Grafter, M.L. 202 . . 


295.65 


370.89 


1.99 


1902 


Harwick, G.L. 41 . . 


15.00 


8.76 




1901-4 


James Henry, G.L. 26 


406.00 


514.67 




1902-6 


Jubilee (Diamond Jubilee), 
G.L. 75 


124.00 


58.94 




1902-3 


Lady Jessie, M.L. 74 


77.00 


58.43 




1902-4 


Lucy, G.L. 21 


269.00 


174.78 




1902-3 


Maori Chief, M.L. 4 


22.00 


15.54 




1901-7 


Maori Queen, G.L. 1 


5,086.17 


4,100.53 


.18 


1902-7 


Mt. Elya (Princess Royal), 
G.L. 88 


160.50 


106.07 




1903-5 


Plantagenet, G.L. 76 


556.00 


185.92 




1902 


Sirdar (Two Bobs), G.L. 60 


66.00 


49.45 




1902 


Waratah, G.L. 34 
Total 


6.00 


2.06 






20,491 .51 


16,874.48 


2.66 



Maori Queen, G.M.L. 1. (Plate I.).— This the first gt)ld-mininaf 
lea.se issued in this district, is situated about 2^^ miles to the north- 
eastward (»f the township. It was worked for some years by the 
Phillips River Gold Mining Co., N.L., who equippe<l it with a battery 
and winding engine, and raided and treated over 5,000 tons of stone. 

The lode, which has a north-easterly course, has been traced at 
the surface for a length of 8^2 chains by a series of shafts and 
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PREFATORY NOTE. 



The eight contributions to which the Geological Survey is in- 
debted to the authors have been received since the publication of 
the last palaeontological Bulletin, No. 27, in the year 1907. 

Tlic first contribution, from the pen of Dr. Geo. J. Hinde, 
F.R.S., throws considerable light on the conditions prevailing in 
the Norseman District. 

The second, by Mr. Newell Arber, M.A., F.G.S., Ls an important 
addition to our knowledge of the Jurassic Flora of Western Aus- 
tralia ; whilst that of Mr. Etheridge. the Curator of the Australian 
Museum, to whom the Surv'^ey is under a debt of gratitude, which it 
is difficult to repay, culds considerably to our knowledge of the 
organic remains of the Oolitic Beds of the (Jrcenough River. 

The description of Sthcnurv^ Occidentalism from the Mammoth 
Cave on the Margaret River, wa« prepared by Mr. L. Glauert, F.G.S., 
Field Geologist, for the information of the Caves Board. 

Tlie list of Western Australian Fossils, stratigraphically and 
zoologically arranged, which Mr. Glauert has drawn up to facilitate 
the work of the Geological Survey, will meet a much felt want at 
the hands of all workers in, and students of, Australian Geolog5\ 

The account of the New Fossils from the Barker Gorcre, Napier 
Range, in the Kimberley Division, seems to point conclusively to 
the occurrence of undoubted Devoiaan Beds in this portion of the 
State. 

The Notes on the Geological Age and Organic Remains of the 
C^ngin Chalk contain evidence which points strongly to its being 
Cretaceous and not Tertiary, to which horizon it had i)reviouslv beer, 
assigned. 

A. GIBB MAITLAND, 

Government Geologist. 
(ieological Survey Office, 

Perth, 21st March, 1910. 



l.—On the Fossil Sponge Spicules iit a Rock 
from the Deep Lead (?) at Princess Royal 
Township, J^orseman District, Western 
Aastralia. 



Dr. GEORGE J. HINDE, F.R.S. 



Some months since Mr. A. Gibb Maitland, F.G.S., Govern- 
ment Geologist of Western Australia, forwarded to me for examin- 
ation a sample of an earthy siliceous rock [8131] from the Deep 
Lead (?), known as the "Princess Royal," situated on the town- 
site of the same name at tlie eewtern margin of Lake Cowan. Brief 
references to this deep lead (?) are given in Bulletin No. 21 (1906), 
of the Geological Survey of Western Australia, where it is stated 
that it was discovered in February, 1901, in carrying out alluvial 
workings for gold, mostly in the main street. The depth was 88ft. 
in kaolin. 

Above the '* wash " there is a white pug showing the usual 
slickensides and crush faces and above this ironstone gravel patches. 
The wash itself is mullccky, with concretions of a magnesian nature, 
and with quartz particles, etc. This wash is said to have bet*n 
30 to 40 feet wide, and about 6ft. in thickness on the west side, 
and below it there is a gritty brown material, evidently decomposed 
homblendic rock. 

At the Princess Royal townsite there is a strip of kaolinizcd 
ground about a mile long and a quarter of a mile wide, w^hich may 
be either a remnant of a wider covering or be duo to the felsite 
dykes in this locality being very susceptible to decomposititm. 
At the south end of this patch the deep lead was found. No 
particular age can be assigned to this kaolin; it is probably mostly 
decomposed rock in situ and has been increasing in depth as long 
as this has been dry land (pp. 20, 36). 

The reports from the Bulletin tjuoted above respecting the 
character of the deposits in this deep lead (?) do not make men- 
tion of any reck at all comparable with the sample which has btH'ii 
sent to me, and it may be hoj)ed that further investigation will 
furnish some detailed information as to the thickness of the de- 
posit from which the sample was taken, its position in the series 
exposcKl in the leiid, and the character of the beds above and below 
it. 



General Characteristics of the Rock. 

The safnple of rock examined consists of three small irregular 
lumps of a very light, whitish, finely granular, and powdery 
material, which is so incoherent, tender, and friable that it readily 
breaks up into dusty powder between the fingers, and when treated 
in water with a soft brush it passes into a greyish mud. It may 
Ije said to be an aggregation of fine particles without any cement 
iiifi; material to bind them together. There is no indication of 
blading to be seen in the lumps. Treated with dilute hydroch 
loric acid, the rock shows no reaction whatever. 

When the j)owdered rock is examined dry with a strong lens 
or by reflected light under a microscope, it is seen to be composed 
mainly of minute glassy rods and granules, and occasionally of 
entire sponge 8])icules. Tt addition to these remains of organic 
origin there are some minute grains of a dark mineral, and also more 
numerous clear granules, mostly of i|uartz. The larger part of the 
latter are angular or sub-angular, some are rounded, and others 
seem to be small crystals, f 

The spicules of siliceous sponges are the only fossils recog- 
nised so far, in the rock sami)le, no remains of other siliceous organ- 
isms, usually associated in marine deposits of this character, such 
as radio Wia and diatom?, have been met with. 

Condition of preservation of the Sponge Spicules. 

The chemical constitution of the spicules of which this rock 
is mainly composed is ck)sely similar to that of recent siliceous 
sponges. The silica is in the colloid condition and presents the 
same clear glassy aspect so chareicteristic of recent spicules and, 
as in these latter, it is negative in polarized light between crossed 
Nicols. 

Exceptionally some of the spicules are of a milky tint with' a 
]iorcellaneous a])pearanc'e, similar to spicules in the Lower and 
U])])er (ireensand of the South of England (1) and in the Cret- 
aceous S])ong(^-beds of Westphalia, and in a few cases also tlw 
spicular walls are traversed in all directions by very minute curved 
lines as in fossil s))icules from Wiltshire (2). But the change from 
the normal glassy condition does not seem to have reached any 
further stag(\ and in no instance have 1 seen a spicule of chalce- 
•(l.)nic silica in the material. 

t *' In my report on the Norseman material I mentioned that some of the quartx 
^Trains probably were partially formed in the rock, but I have since had an opportunity 
of showinj? these fzraina to Dr. J. S. Flett of the Geological Survey of Clreat Britain, and 
he considers that they have not been enlarged by a secondary deposition of silica, and 
that they have rather the appearance of having been derived from vein quartz. He 
further thinks that some of the fine portions of the rock in which the sponge spicules are 
embedded may be kaolin." G. J. H., 10th September, 1909. 

(1.) Hinde. Sponge Remains in the Lower and Upper Greensand of the South 
of England. Phil. Trans. Koy. Soc, Vol. CLXXV. (1885), p. 426. 
(2.) Ibid pi. XL., fig. 8. 
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^ The axial canals in these fossil spicules are considerably en- 
larged, and they contrast strongly with the very fine, oftentimes 
scarcely visible, axial canals in the spicules of recent sponges. In 
some instances the silica of the interior of the spicules has been 
dissolved away to such an extent that only & thin outer sheath of 
the original wall remains. The enlarged canals have usually smooth 
and even walls, but not infrequently they are eroded irregularty 
and have a nodose appearance. The outer surface of the spicules 
18 verj' commonly covered with small circular pittings and their 
walls ace bored at right, angles with npat cylindrical holes which 
often penetrate to the axial canal of the spicule. Similar borings 
and enlarged canals are found in detached sponge spicules dredged 
up from considerable depths and they have been attributed to the 
action of boring algae (1). 

Comparatively few of the larger spicules in this soft rock are 
preserved intact ; a large proportion are broken up into small frag- 
ments. The larger and more robust monaxon spicules, together 
with the trifids and calthrops have suffered most from fracture, 
and uninjured specimens are difficult to find, whilst many of the 
smaller fusiform, cylindrical, pinshaped, and styliform spicules 
and the delicate dermal spicules of lithistid sponges, remain in a 
perfect condition. The skeletal spicules of lithistids have, as a 
rule, lost their distal ends, by which they are interlocked together. 
The robust mesh work of dictyonine hexactinellids, which might 
have been supposed strong enough to resist fracture, is in the 
material, now reduced to microscopic fragraonts. 

On the whole the preservation of the s})onge spicules in this 
Norseman material is very similar to that of other fossil sponge 
deposits of Tertiary Age, and it does not markedly differ from that 
of the detached spicules found at the present time of the sea floor. 

DESCRIPTION OF THE SPONGE SPICl LES. 
With the view of correlating the spicules in this Norseman 
material with those in simileu* fossil deposits in other regions, and 
also with those of recent siliceous sponges, tlie various forms com- 
mingled together in the reck sample are described and figured below. 
The similar forms of Monaxonid spicules are first considered and 
aften^'ards those of Tetractinellid, Lithistid and Hexactinellid 
Spjonujes. 

Monaxonid Spicules. 

The fusiform acerate, cylindrical, styliform, dumb-bell o*" 
tibiella and pin-shaped spicules with a single axis are very numerous- 
With the exception that a few of the larger acerate spicules belong 
to the Tetractinellida, the rest are the skeleton spicules of the 
Monaxonida. The very minute so-called flesh spicules are poorly 

(1.) Duncan. Journ. Roy. Micros. Soc, »er. 2. Vol. I. (1881), p. 557, pin. VII., VIII. 
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r^pre8ent<*d in tlie deposit by a few forms of chessman or sceptrella 
spicules belonging to tlie genus LatrunctUia. 

No anchorate flesh spicules have been observed in the deposit. 

Acerale Skeleton Spicules of various genera, 
PL I., fig. 1. — Fusiform acerate, robust, smooth, slightly curved, 
greatest thickness in the centre ; tapering gradually to each end. 
Length 1-5 mm., thickness (1) 0-07. Probably belongs to a si^ecies 
of Geodia, 

PL I., fig. 2. — Fusiform acerate with tapering drawn out ends, 
sinooth. Length 0-43 by 0*05. Ck>mmon. An axial canal is not 
shown in these s})icules. A spicule very similar in form and pro- 
p>rtions occurs in Desmacitlon (H omoeodictya) grandis, from Simon's 
Bay, Cape of (lood Hoi)e. Ridley and Dendy (ChalL Rep., vol. 20, 
p. iii, pL XXIX., fig. 7). 

PL L, fig. 3. — Fusiform acerate, slightly ciu-ved, gradually 
tafx^ring to both ends which are acutely pointed. It is very simil&r 
to the s})iculeH of a variety of Petrosia variabilis^ Ridley. (Chall. 
lUp., voL XX., p. 13. pi. II., fig 12). Length 0-43 by 003. 

PL I., fig. 4. — F'usiform acerate, very evenly curved, the ends 
blunted, smooth. .An axial canal is not recognizable in the 
siMMumen figured. Length 0-38 by 0*03. Common. 

PL 1., fig. 5. —Robust fusiform acerate, bent near the centre, 
tapering towards the ends, which are slightly blunted, smooth. 
Length 0-33 by 035. 

V\. I., fig. 6. — Robust vermiculate spicule, curved and undu- 
lating ; surfac(» smooth. The axial canal opens at both ends, which 
are blunted. Length 0-68, thickness 0-064. Rare. 

PL T., fig. 7. - Acerate, straight or slightly curved, ta}>ering 
near the ends, which are blunted; the surface is covered with minute 
conical spines. Length 0*22 by 0*03. Smaller but similarly 
s])in(Kl sj)icules are present in the sponge de])osits at Oamaru, New 
Zealand (Linn. Soc. Jour. ZooL,vol. XXIV., p. 184, pL VIL, fig. 
15), and in the recent Halichondria infrequens. Carter, from the 
(iulf of Manaar (Ann. and Mag. Nat. His. s. 5, voL VIL. 1881. p. 
309, pL XVITL, fig. 9a.) 

Cylindrical Spicules of ixirious genera. 
PL I., figs. 8, 9. — Slightly curved cylindrical spicules, smooth, 
with ends (jvenly rounded. As a rule no axial canals are shown in 
tljese forms; they vary greatly in size, the larger range to 0*46 by 
O'OC). the smaller are nearly reniform and about 0*08 by 0-03. The 
specimens are numerous and well preserved. Similar spicules are 
I>re8ent in the Oamaru deposit (op. cit, p. 184, pi. VII., figs. 31. 36), 
and also in the materia] dredged by the "Egeria'' from a depth 

(1.) The dimenttions of the spicules are in all duses given in millimeters and deciiiuil 
*>art8 thetipof, it is proposed therefore to omit " mxn." ufter each measurement. 
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of 3,001 fathoms off the South- West coast of Australia. Strongy- 
lophora duri&sima, Dendy, from the Gulf of Manaar, is built up of 
similar spicules of various sizes. (Supp. Rep. Pearl Oyster Fisheries » 
Gulf of Manaar, p. 141, pi. IX., fig. 1.) 

PI. I., fig. 10. — Curved cylindrical spicule, with evenly rounded 
non-infiated ends, the surface with slightly raised whorls or rings 
with the edges minutely spined. Length 0-29 by 0*025. Smaller 
spicules similarly spined occur in the Oamaru material {op. cit., pi. 
VII., figs. 29, 30), and Mr. Carter has figured a detached spicule of 
the same kind from the Gulf of Manaar (Ann. and Mag. N.H., ser. 
5, vol. VI., 1880, pi. v., fig. 29). The sponge to which these belong 
is unknown. 

PI. I., fig. 11. — Robust, straight, cylindrical, spicule with 
round, spined ends, the lateral surface with stout blunt spines 
disposed in whorls. Length 0*25 by 0'085. Approximately 
similar spicules, but with the spines not so regularly arranged, 
are present in the Oamaru material (op. ct*., p. 187, pi. VII., 
figs. 42, 43). 

PL I., fig. 12. — Subcylindrical spicule with a prominent acute 
spine at each end, and the lateral surfaces armed with whorls of 
alternate larger and smaller spines. Length 0*2 by 0*09 in width, 
spines included. Similar spicules are present in material dredged 
by the " Egeria," lat. 36° 63' S., long. 116° 48' E., depth 3,001 
fathoms. Sponge unknown. 

PI. I., fig. 13. — Subcylindrical, slightly curved, with a promi- 
nent spine at each end, lateral surface with whorls of subequal 
spines. Length 0-28 by 0-08. 

Tibiella or Dumb-bell Spicules. 

PL I., fig. 14. — Slightly curved tibiella, shaft fusiform with 
sub-spherical ends, smooth. Length 0*17 by 0*015. 

PL I., fig. 15. — Tibiella nearly straight, the shaft cylindrical 
with a roimd knob at each end, smooth. Length 0*37, thickness 
of shaft 0*02, of terminals 0-03. Similar but somewhat smaller 
spicules are described by Carter in Forcepia crassanchorata from 
Port Elliot, South Australia (Ann. & Mag. N.H., s. 5, vol. XV., 1885, 
p. Ill, pL IV., fig. 36). 

PL 1., fig. 16. — Tibiella, slender, curved, shaft cylindrical with 
spherical ends, smooth. Length 0*1 by 0*005, terminals 0*007. 
Rare. 

Sceptrella or Chessman Flesh Spicules of Latrunculia, Bocage. 

PL I., fig. 17. — Sceptrella with a relatively stout axis, the base 
expanded with small divergent spines, a median disc armed with 
short spines and a cupolar summit, also spined. Height, 0*07, 
thickness of shaft 0*017, width of median disc 0*05. Rare. 

PL I., fig. 18. — Sceptrella small, with stout axis, base expand- 
ed with a thin spined edge supported on a fringe of acute spines 
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•extending obliquely downwards ; a thin median disc with sharp 
iKlge ; the summit convex, smooth, ^%ith a sharp margin. Height 
O-055, breadth of base and summit 0-045. 

PI. 1., fig. 19. — Seeptrella with a slightly expanded and arched 
base with downward projecting spines ; in the middle of the shaft 
a whorl of horizontal spines ; the summit with a marginal fringe 
c^f spines and a prominent vertical spine. Height 0*066, width 
of axis 066 ; of the central whorl 026. Rare. 

PL I., fig. 20. — Seeptrella with a stout axis and an arched and 
s pined base, a medium sharp edged disc ; the summit convex with 
vertical spines. Height 0*063, width of shaft 0-02, of the median 
disc and summit 0-036. Rare. 

PI. I., fig. 21. — Seeptrella relatively small, the basal portion 
and median disc similar to the preceding in form, the summit like 
truncated cone with minute spines. Height 0-04, width of shaft 
0-011, of median disc 0-026. Rare. 

PI. I., fig. 22. — Seeptrella with slender cylindrical shaft and a 
small median disc with smooth margin, the summit slightly ex- 
panded witli the margin notched. Length 0-05, width of shaft 
006, of median disc 02. 

Four of the forms of Seeptrella described above (pi. I., figs. 
17, 18, 20, 21) are modifications of a common type which has an 
(expanded base with divergent spines, a median disc and a convex 
summit : in fig. 19 there is a median whorl of spines and at the 
summit a prominent 8i)ike, whilst in fig. 22, there is no distinctive 
base, a small median disc and a notched siunmit. Each of these 
forms may represent a distinct species of Latrunctdia. Similar 
variations of form -de tails are shown in the Seeptrella spicules of 
the Oamaru deposit fop. cit. p. 215, pi. XI., figs. 15-39). 

Style or Acuate Spicules. 

Pi. I., fig. 23. — Part of an elongated tapering spicule, prob- 
ably a style similar to those in the genus Tethya, Lam. The part 
})resiTved is 1 • 64 in length by 0-04 in thickness at the fractured 
end. 

PI. I., fig. 24. — Style, robust, smooth, slightly curved at the 
l)roximal end, and taperincr in the lower third of the spicule. Length 
()-72 by ()-04. Similar skeleton spicules are present in the recent 
Myxilla hastata^ Ridley and Dendy, from off the mouth of the 
Rio de la Plata at 600 fathoms. (Ohall. Rep. vol. 20, p. 134, pi. 
XXVIL, fig. 1). Common. 

PI. 1., fig. 25. — Style slender, slightly curved, nearly of an even 
thickness throughout. Imperfect at the distal end. I.«ength 0-73 
by 02. Rare. 

PI. 1., fig. 26. — Style slender, elongate, smooth, the summit 
•evenly rounded and curved nearly at right angles to the straight. 
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-gradually tapering shaft. Length 0*37 by 0'017. A similar 
but somewhat more robust spicule occurs in the Oamaru material 
{op, oU,, p. 191, pi. VIII., fig. 30). 

PI. I., fig. 29. — ^Nearly straight, robust style, the upper third 
stout, then somewhat rapidly tapering to the apex. The uppci 
portion of the spicule is covered with minute conical spines, th€ 
lower two- thirds is quite smooth.' Liength 0*39, maximum thick- 
ness 0-06. Rare. 

Spinulale or Pin-shaped Spicules, 

PL I., fig. 27. — Robust spinulate slightly curved, head 
spherical, constricted at the neck, shaft slightly increasing in thick- 
ness towards the middle, the lower portion of the spicule is wanting. 
Length (incomplete) 0-57 by 0-05. 

PI. I., fig. 28. — Straight, smooth spinulate, head spherical, 
neck slightly constaicted, very gradually tapping to the apex. 
Axial canal normal. Lengtli 0*42 by 0*02. A similar spicule is 
present in the Oamaru material {op. cit., p. 193, pi. IX., fig. 6). 

Spines of Tetractinellid Sponges. 
Calthrops Spicules. 
PI. I., fig. 30. — Robust calthrops, the rays sub-equal, smooth, 
gradually tapering. Length 0-28 by 06. 

Calthrops spicules of various sizes 'are fairly common in the 
Norseman deposit, some are larger, others smaller than the speci 
men figured. They have in all oases, smooth, simple rays. Similar 
spicules are present in the Oamaru deposit (op. dt., p. 231, pi. XIII., 
figs. 35-40) and in fossil sponge deposits generally. 

Trifid Spicules of Geodia and other genera. 

PI. I., fig. 31. — Trifid with straight tapering shaft and simple 
head rays* directed obliquely forwards. Length of shaft (incom- 
plete) 0-34 by 0-05 : head rays 16 by 04. It may be com- 
pared with the smaller trifid spicules of the Oamaiii material {op. 
cU., p. 234, pi. XIII., figs. 14, 15). 

PL I., fig. 32. — Trifid with simple slightly curved and nearly 
horizontal head rays. The shaft is broken away just below the 
head, it is 035 in thickness: the rays are 08 in length. This 
spicule corresponds in form and size with the zone spicules of the 
recent SteUeUa retievlata. Carter, from off the South coast of Aus- 
tralia (Ann. & Mag. N.H.. ser. 5, vol. XL. 1883, p. 352, pL XIV., 
fig. 46). 

PL L, fig. 32. — Trifid, with simple, strongly cur\'^ed head rays. 
Shaft (imperfect) 0*03 in thickness, heeui rays about 0-1 in length. 
It probably belongs to a species of Geodia. Similar spicules are 
found in the Oamaru material {op. cit., p. 235, pi. XII., fig. 24), 
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and in de(>osit brought up by the '* Egeria " off S.W. of Australia, lat^ 
ae^'OS' S.. long. 117°- 10' E., from a depth of 2,479 fathoms. 

PI. II., fig. 1. — Spicule with a tapering shaft and a single, 
slightly recurved head ray ; the base of a second ray is shown^ but 
there is no indication of a third. The shaft is 0*23 by 0-02, the 
head ray 0«037 in length. It appears to be an abnormal develop- 
ment of a trifid spicule. 

PI. II., fig. 2. — Trifid with straight elongate shaft and with 
each of the head rays bifurcated and horizontally extended. The 
tips of the rays are broken away, and the axial canal in the shaft 
is considerably enlarged. Shaft 0-36 by • 03 : width across the 
head rays 0«13. Similar spicules are present in the genus Eryltis. 
(Jray. 

PI. II., fig. 3. — ^Trifid with simple head rays directed upwards- 
The shaft (imperfect) is 0-04 in thickness, the head rays 0-12 by 
0*02. Similar spicules occur in the recent genus Craniellay O. 
Schmidt and in StelieUa they are also present detached in the 
Qamaru material (op. cit. p. 234, pi. XIII., figs. 16, 17). 

PI. II., fig. 4. — Trifid spicule with a stout, straight shaft, and 
bifurcated head rays. The shaft is • 05 in length. It may belong 
to Eryliut. Gray. A form nearly similar is figured from Oamaru 
(op. cit. p. 234, pi. XIII., fig. 12). 

Pi. II.. fig. 6. — Trifid with curved tapering shaft and trifureate 
head rays directed obliquely forwards. The head rays are partly 
broken, but in one the trifureate character is distinctly shown by 
the axial canals. Shaft 0-37 by 0«06. The head rays are 0-14 
in length. 

PI. II., fig. 6. — Trifid with slender shaft and simple head rays 
directed backwards. The shaft is 0'006 in thickness, the head 
rays are • 05 in length and about the same thickness as the shaft. 
It may be compared with the grapnel spicules of Cydonium Mulleriy 
Fleming — Geodia Zetlandicn^ Johnston {see Bowerbank,Mon. Brit. 
Spong. vol. III., pi. VII., fig. 7). Similar forms are common in the 
Oamaru material (op. cit.y p. 235, pi. XII., figs. 18-24). 

LiTHisTiD Spicules. 
Body SpiniJes of Raoadinia, Zittel, atui Discodermia, Bocage. 
Pi. II., figs. 7, 8. — Spicules with four arms or rays ; one is 
frequently truncated or reduced to a rounded knob ; the fully 
develo})ed arms have a prominent ring-like inflation a short dis- 
tance from the spicular centre ; beyond the ring the arms bifurcate 
and terminate in twig-like extensions which interlock with those 
of culjoining spicules. The delicate twig-like extremities are broken 
off the detached spicules. In one specimen (fig. 7), the axial canal 
is seen as a delicate straight line extending fronx the centre to about 
two- thirds the length of each arm ; in the other (fig. 8), the canals 
are widened and reach to the ends of the arms, which are, however^ 
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incomplete. The arms are about 0-17 in length, and 0-04 thick 
near the centre. The spicules belong to Ragadinia, Zitt. of which 
several species are known from the upper Cretaceous (Bel. mucroncUa 
Zone) of Germany and the Soutli-West of England. Detached 
spicules closely resembling those from Norseman are known from 
Coesfeld in Westphalia, the Upper Chalk of Norfolk (1): also in 
the Upper Greensand near Warminster, Wiltshire, and in the Low^er 
Oreensand of Haslemere and Tilburstow Hill, Surrey (2). 

PI. II., figs. 9, 10. — Both the spicules figured are imperfect : 
in one (figure 9) an arm is wanting, and in the other (fig. 10) two 
are broken away, so that their original tetractadine character can 
hardly be recognised. Small extensions are given off from the 
arms ; their ends are frequently furcate and they are covered with 
tubercles. In one (fig. 9), a delicate straight line in the principal 
arm may represent an axial canal whilst in the other (fig. 10), two 
short canals are shown near the broken marjgin. These spicules 
may belong to Discodermiay Bocage. Fragments of similar spicules 
are very common in the Norseman material. 

Renifartn and Olobostdlate Spictdes of TetractineUid Sponges, 

PI. II., figs. 12, 13. — Renifprm spicules, similar to those form- 
ing the dermal crust of Oeodia sponges, are very^nmneroiis in the 
deposit. Generally the hilum can be distinguished, but the minute 
rods with prominent heads of recent forms are not shown in these 
fossil specimens. Not infrequently they are perforated by boring 
algjB (?) as in the specimen figured (fig. 13). Small specimens 
measure 07 by 037, the larger 0-09 by 0-062. 

PI. II., fig. 14. — Globostellate spicules, apparently solid, their 
surfaces covered with short, stout, conical si)ines, which in some 
cases seem to be regularly disposed in lines. Diameter 0-1. Fairly 
numerous. 

PL II., fig. 15. — Globostellate similar to the preceding, but 
much smaller. Diameter 0*04 — 0«05. Very common. Similar 
forms are present in the recent genus Cydonium, Muller. 

PL II., figs. 16, 17. — Globostellate spicules with solid centra 
from which extend a niunber of stout cylindrical rays with expand- 
ed lobate summits. No canals are visible either in the rays or in 
the centra. Diameter 0*1. Similar spicules are present in the 
recent Gydonium MiUleri Fleming. They occur detached at 
Oamaru (op. cit. p. 237, pi. XIV., figs. 28. 29. 30. and also in the 
dredgings by the " Egeria " off the S.W. of Australia, from a depth 
of 2-479 fathoms. 

QkhosteUate SpicvJLca of Tethya, Lamarck. 
PL II., fig. 18. — Globostellate with numerous rays which origi- 
nate in the centre of the spicule and for about one-third their length 

(1.) Hindc. FosaII Sponge Spicules from the Upper Chalk of Uoratead, 1880, 
p. 58, pi. 5. flm. 1-4. 

(2.) Phil. Trans. Roy. Soc., vol. CLXXV., part II., 1885, p. 444.pl. XLV.. flj». 
5, te. 5b. 
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extend beyond the centrum. The rays are straight and the fre& 
portions gradually taper. In each there is a well-marked, now 
enlarged, canal, which begins at the origin of the ray and open& 
at its free distal end. The figured specimen is 0*13 in diameter: 
smaller forms are about 0*08, including the rays. These spicule 
are closely related to those of Tethya robusta, Bowerbank (Proc. 
Zool. Soc. Lond., 1873, p. 10. pi. II., fig. 15) now living in Australian 
seas. They are very common in the Norseman material, but as s 
rule the free portions of the rays are broken off. Similar detached 
forms are present in the Upper Cretaceous (Zone of Bel, mticronata) 
of Westphalia, and in the same zone of the Chalk of Norfolk. 

PL II., fig. 19.— Small globostellate with 12-14 acutely pointed 
rays extending for about half their length beyond the centrum. No 
canals visible. Diameter, including rays, (X-05. This form may 
be one of the smaller stellates of the crust of a species of Tethya. 

Dermal Spicules op Lithistid Sponges, 
PI. II., figs. 20, 21. — Spicules consisting of a thin, flattened 
siliceous plate with very irregular lobate margins. In the centre 
of the plate is a short, acutely pointed shaft which projects at right 
anglers from the inner or lower surface. Three short canals rckdiate 
from the junction of the shaft with the plate and in the central 
point is a small circle representing the axial canal of the shaft. 
The shaft in these spicules is usually broken off the horizontal plate. 
The plate or head of these spicules is about 0«3 in breadth. The 
sponge to which they belonged cannot be known with certainty ; 
they may have formed the dermal layer of a species of Ragadinia 
wlioso skeleton spicules have been described above. 

Dermal Spicules of Discodebmia, Bocage. 
PL II., fig. 22. — The spicule figured has the margins rounded, 
but in other specimens of the same form they are irregularly lobate. 
The outer surface has numerous minute spines or papillse, as Carter 
terms them, and these are connected with each other by delicate 
raised lines which give the appearance under the microscope of a 
fine network with polygonal meshes. Three short axial canals are 
shown in the centre of the spicule. The spicular heads are • 3-0 • 38 
in breadth. The shafts are wanting. The late Mr. Carter has 
described dermal spicules with a similar surface network in the 
recent Discodermia aspera from the Gulf of Manaar (AnjD. & Mag. 
N.H., ser. 5, vol. VI., 1880, p. 601, pi. VITI., fig. 49(7), but in a micro- 
scopic slide of the spicules of this sponge, mounted by himself and 
presented to me, there is no net- work sho^vn on the dermal spicules, 
nor does Prof. Sollas mention this character in describing D. aspera 
though he studied the spicules in a slide also supplied to him by 
Mr. Carter (Cball. Rep. vol. XXV.. p. 327). It is probable there- 
fore that the dermal spicules with this peculiar fiuad distinctly mark- 
ed surface ornamentation may belong to some other species than 
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D. ctspcra. The detached forms in the Norseman material are very 
common, and well preserved as a rule. 

PL II., figs. 26-26. — Dermal spicules with an elongate slender 
shaft and a saucer-shaped or vasiform expansion at its summit. The 
expanded head is approximately circular in outline, the margins 
are smooth, even and slightly elevated (fig. 25) ; in the centre is a 
small boss or knob which in some cases may project above the level 
of the margins (fig. 23), in others it is hardly perceptible (fig. 24). 
Viewed from below, the under surface of the spicule shows one or 
niDre concentric growth lines and faint traces of radiating folds 
reaching a short distance above the edge ; the fractured summit 
of the shaft and its axial canal are shown in the centre (fig. 26). 
The axial canal of the shaft is closed at or just below the junction 
of the shaft and the head, it extends the length of the shaft and 
opens at its distal apex. There is no indication of canals radiating 
from the centre in any of these spicular heads. In one specimen 
the shaft is embraced by a portion of a skeleton spicule of th© sponge 
to which the dermal spicule belonged. The shaft is about 0-2 in 
length: the expanded heads are 0-075-0 -11 in breadth. They 
belong to a species of Diacodermia not improbably to the same form 
a.s the skeleton spicules described above (pi. II., figs. 9, 10). 

Nearly similar dermal spicules are figured by O. Schmidt (1) 
in D, dissoliUa from off Barbados at a depth of 56 fathoms : by 
Carter (2) in Z>. Icevidiacus from the Gulf of Manaar, and by SoUas 
(3) in D, omata a recent sponge of unltnown locality. As the 
Norseman spicules differ in smaller details from those in the species 
just mentioned, it is probable that they belong to a sponge yet un- 
described. 

Dermal Spicules of Corallistes, O. Schmidt, and otJier genera. 
PL III., fig. 1. — Dermal spicule with a short shaft and at its 
sununit six horizontally extended rays. Tlie rays are sub equal 
when complete and they are traversed by axial canals which extend 
to the distal ends of the ra5's. The rays are about 0-18 in length 
by 0'05 wide. The head of the specimeii is 0-39 across. These 
spicules are common in the Norseman material but generally in 
fragments. Simileu* detached spicules are found in the Oamaru 
deposit, also in the material dredged by the " Egeria" off the .S.W. 
of Australia from a depth of 2,470 fathoms. They alao form the 
dermal layer in several genera of Megamarine and Tetracladine 
Sponges from the Upper Cretaceous of the South of England and 
of Germany, and in the recent genus Corallistes y O. Schmidt. 

PL III., fig. 2. — Dermal s})icule with a short shaft and five 
horizontally extended rays at its summit. In this form one of the 
head rays of the normal trifid remains simple, and the other two 

(1.) Dl' Spon0en dea Meerbusen von Mexico. Heft. II., 1880, p. 87, pi. V., fla. 2c. 
(2.). Ann. & Mag., N. H., ser. 5, vol. VI., 1880, p. 503. pi. VIII., figs. 51c, d. 
(3.) ChaU. Rep. vol. XXV., p. 297, pi. XXXI., flga. 5, 5a, 5d. 



22 



EXPLANATION OF PLATES. 



Plate I. 
Fig. 1.— Acerate spicule. Probably of Qeodia — x 50. 

„ 2. — Acerrtto spicule of Desmacidon (?) — X 100. 

„ 3. — Acerate spicule of Petrosia (?) — x 100. 
Figs. 4, 5. — Fusiform acerate spicule*) — x 100. 
Fig. <>. — Vermiculate spicule — x50. 

7. — Spined acerate of Halichondria (?) X 200. 
Figs 8, 9. — .Smooth cylindrical spicules of Strongyhphora (?) — x 100. 
Fig. 10. — Curved cylindrical spicule with spined whorls — x 200. 

., 11. — Straight cylindrical spicule with whorls of spines — x 200. 

.♦ 12. — Subcylindrical spicule with whorls of spines — X 100. 

,. 13. — Curved cylindrical spicule with whorls of spines — x 100. 

„ 14. — Cur\-ed tibiella or dumb-bell spicule — x 200. 

„ 15.— Straight tibiella of Force pta (?) — x 100. 

„ 16.— Curved tibiella spicule — x 200. 

M 17. — Sceptrella spicule of Lairuneulia sp. — x 200. 

,. IH. — Sce])trolln spicule with smooth convex summit, Lcttruncnlia— 
X 3(K). 

,. 19.- Sce])trella spicule with median whorl of spines, Lairunrulia sp. 
— < 3(MK 

„ 20.- Scoptrella spicule with convex spine<l summit, Latruncnlia sp. 
~ H. 300. 

„ 21. -Scoptrella spicule of lairuneulia sp. — x 300. 

„ 22. - Seeptrella spicule with cylindrical axis, LcUrimculia sp. — X 300. 

.. 23. — Style spicule of Tethya (?) distal portion — x 60. 

., 24. -Style spicule of MyxiUa (?) sp. — X 100. 

., 2.'). — Style spicule (imperfect) — x 100. 

., 2H. — Style spicule with curved summit — x 20<>. 

.. 27. — S])iiiulate s])icule (imperfect at the distal end) — x 100. 

„ 2S. Piu-shaped s})icule — X 100. 

„ 29. — Style with the u})per portion spined, the lower smooth — x 10(K 

,. 30. — Calthr()})s s])icule with subequal rays — X 100. 

„ 31. — Tritid spicule with simple head-rays — x 100. 

,, 32. — Tritid spicule (upjxT portion) of Sielletta sp. — x 100. 

„ 33. — Tritid spicule of Geodia (?) with recurved head-rays — x 100. 
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Plate 11. 

Fig. 1. — Trifid spicule, abnormal, with only two head-rays — X 200. 
„ 2. — Trifid spicule with bifuracted head-rays — x 200. 
„ 3. — Trifid spicule of Craniella (?) sp. (upper portion) — X 100. 
„ 4. — ^Trifid spicule of Erylua (?) sp. (shaft imperfect) — x 100. 
.„ 5. — ^Trifid spicule with head rays trifurcate — X 100. 
„ 6.— Trifid spicule of Cydonium (?)— X 200. 
Figs. 7, 8.-^keleton spicules of Ragadinia sp. — X 100. 

„ 9, 10. — Skeleton spicules, imperfect, of Discodermia sp. — X 100. 
Fig. 11. — Skeleton spicules of VetuUna sp. — x 200. 
Figs. 12, 13. — Reniform spicules of Oeodia, Fig. 13 shows perforations of 

boring alga — x 200. 
Fig. 14. — Globostellate spicule— x 200. 

„ 15. — Gilobostellate spicule of Cydonium — X 200. 
Figs. 16, 17. — Globostellate spicule of Cydonium sp. — x 200. 
Fig. 18. — Globostellate spicule of Tethya sp— X 200. 
„ 19. — Globostella^ spicule of Tethya sp. — x 200. 
Figs. 20, 21. — Dermal spicules of Ragadinia sp. — x 100. 
Fig. 22. — Dermal spicules of Discodermia showing surface network. — X 100. 
Figs. 2S-26. — Dermal spicules of Discodermia sp. Fig 23 is a lateral view, 
showing the shaft and a prominent boss in the centre of the 
head plate. Fig. 24 is a specimen with a portion of a skeleton 
spicule entangled round the shaft. Fig 25 shows the upper 
surface of the head plat«, and Fig. 26 shows the under surface 
with the broken stump of the shaft^ — all x 200. 
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Plate III. 

Fig. 1.— Dermal spicule of Corallistes (?)— X 100. 

„ 2. — Dermal spicule showing the head-rays (?) Theonella — x 100- 
„ 3. — Dermal spicule with the head-rays unequally developed — x lOO. 
Figs. 4, 5. — Dermal (?) spicules of unknown sponge. Dactylocalyeiies Cart«r. 
The lower margin of Fig. 4 is partly broken away — x 200. 
„ H, 7. — Spicules with spinous rays. Sponge unknown — x 200. 
Fig. 8. — Fragment of spicular framework of dictyonine hexactinellid — X 200* 
Figs. 9, 10, 11. — Detached five-raved spicules of hexactinellid sponges. 
Figs. 9 and 11— x 100; Fig. 10— X 200. 
,. 12, 13, 14. — I'mbrella spicules of the dermal surface of RosseUa sp. al> 
fragment ar\'. Fig. 12 gives a lateral view of the upper portion of 
the vertical 8haft and of the basal portion of the four horizontal 
ravH which radiate from its summit. Figs. 13 and 14 represent 
the proximal portion of the four horizontal rays with their canab^ 
and the patagium connecting the rays ; also the broken summit 
of the vertical shaft— x 200. 
The H]>iciile.s figured on the plates were all derived from a specimen 
of siliceous rock from the Deep Ix^ad (?) at Princess Royal, Norseman District,. 
Western Australia. 
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11." Some Fossil Plants from Western Australia. 

BT 

E. A. NEWELL ARBER, M.A., F.L.S., F.G.S., 
Trinity CoUege, Cambridge, Unireraity Demonstrator in Pa/aeobotany. 



The specimens submitted to me were derived from two localities. 

The first of these was Mt. Hill (second hill about half mile 
from Trig. Station) and is represented by two specimens numbered 
[8050] and [8054] respectively. 

Specimen [8050] (3 pieces) is a portion of a coniferous tnmk, 
in which the structure is in part preserved. A transverse section 
has been made of the specimen, but the preservation of the wood, 
on microscopic examination, proved to be far too imperfect to 
l>ermit even of generic determination. It is impossible to deter- 
mine the age of the beds from which it was derived. 

Specimen [8054] (2 pieces) has been cut across, and appears to 
be an arenaceous (?) rock containing a number of thin, eroded 
fragments or chips of wood, the structure of whicli is, for the most 
part, not preserved. Here and there, however, fragments of the 
wood appear to be petrified, but not sufficiently to permit of deter- 
mination. The specimen affords no indication of the age of the 
beds from which it was derived. It is, however, probably not 
Palaeozoic. 

The second locality was the main road on West boundary of 
M. 299, 28 chains South of the North- West comer, about three miles 
t^outh of Mingenew. Altitude about 500 feet above Mingenew. 
25 specimens, numbered [8104 A-Y], were forwarded to me from 
this* locality. 

Otozamites Feist^ianteli, Zigno. 

1881 — OtozamUes Fcistmanteli, Zigno, Flora. Foss. Oolit, Vol. II., 

p. 90, pi. 34, figs. 6-8. 
1900 — Otozamites Feistmantdi, Seward, Jurtissic Flora (Hrit. Mub. 

Catal.) Vol. I., p. 221. 
1907 — OtozamUes Feistmanteli, Salfeld, Palapontogr., Vol. 54, p. 

182, pi. XIX., fig. 14. 

This fossil frond is reprtvsented by 15 specimens [8104, A-0], 
4uich exhibiting one or more examplew. 
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Tlie frondrt vary considerably in detail, both as regards the 
uhape of the leaflets and the degree of imbrication. There is, how 
ever, every reason to believe that they all belong to the same species. 

[8104, D.] i«* a good example of one type, in which the pinnules 
are short and overlap one another. The shape and nervation of the 
pinnules is well seen. They are attached to the upper surface of 
the rachis by a broetd base, the upper angle of the hose being auri- 
culate. This frond ai)jiear8 to be quite identical with that figured 
by Zigno {sec above) on fig. 8 of plate 34, from the Lower Jurassic 
of Italy. This sjHvies has also been determined from the Lower 
Oolite of Britain. 

Tlie fronds seen on specimens [8104 A, B, C, G, I, J, and K]. 
are similar to [8104 D] ; the nervation being well seen in [8104 C]. 

In [8104 F], also [8104 E and L], the pinnules are more eltn- 
gate. their length being about 2 cm. as compared with l'3-l-4 
cm., in the case of [8104 D]. 

In [8104 M] the base of a small frond is seen where some of the 
pinnules do not exceed 3 m.m. in length, and are more oval in shajx*. 

In [8104 H], the j)innulos are less imbricated, and this feature 
is also seen in [8104 L], which shows two fronds, one with short, 
imbricated pinnules similar to [8104 D], and another larger frond 
with longer pinnules, more distant from each other. 

In [8104 N-0] the pinnules are also less imbricated. 

A comparison of the typical specimen [8104 D] with the figure 
given by Kurr of his Zamite^ MandeLdohi (Beitr. foss. Flora Jura 
format., Wi'irttembergs, 1845, p. 10, pi. I., fig. 3), would appear to 
indicate that the Australian frond may be identical with that occurr- 
ing in tlie Lower Oolite of Germany. On the other hand, this 
matter remains in doubt, for the sj)ecimens recently figured under 
this nauKs from tlie Lias of Holzmctden, Wurttemberg, by SalfeW 
(PaIan)nt()^r.,Vol. LIV., 1907, p. 182, pi. XVL, figs, la, 16, Ic) do 
not a]i])(^ar to be specifically identical with the Australian leaves. 

P'eistmmtol (Mem. Geol. Surv. New South Wales, Pal. No. 
3, 1890, p. 147, pi. 28, figs. 9. 9a ; refigured by Salfeld, ibid, pi- 
XIX, fig. 14 ; s(v also Jack and Etheridge Geol. and PalajontoL 
of Queensland 1892, ]). 381) has also compared a Queensland fossil, 
from the Tal^ai coalfield on the Condamine River, with Otozamites 
MandrlsJohi (Kurr). Feistniantel's figure, however, appears t4) 
be rather carelessly drawn, or else the specimen is not very well 
preser\<Hi. 

Therc^ would appear to be a distinct possibility that his frond 
from Queensland may be identical with the fossils under discussion 
here, but until his figured specimen (in the Min. and Geol. Mus.. 
Sydney) has been compared witli the West Australian leaves, it 
will be difficult to form any opinion on this point. 

So far as I am aware FeistmanteFs record is the only species 
of Otozamites as yet found in Australia, tliough Tenison-Wood* 
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(Proc. Liirn. Soc. New South Wales, 1883, vol. VIII., p. 151) has 
described the same species from another locality in Queensland, 
t.6.,- the Darling Downs near Toowoomba. 

Thus while there may be some uncertainty as to the identity 
of the Australian fossils with Kurr's species Otozamites Mandedohiy 
there is everj' recuson to regard them as specifically identical with 
the O, FeistmatUeli, Zigno, of the lower Jurassic of Italy and 
England. Professor Seward (ibid. p. 221) has diagnosed this specie 
as follows : — " Frond narrow, linear ; pinnae short and brockd, 
attached to the upper face of the rachis by a broad base, of which 
the upper comer is slightly auriculate ; the apex is bluntly rounded, 
the tip being directed upwards. Venation of the Otozamites type." 

cf. Pagiophyllum. sp, 
[8104 X-Y]. A portion of a Ciymnospermous twig occurs 
on this specimen associated with a frond of Otozamites Feist- 
fnantdi, Zigno. The preservation is unfortunately very poor, 
and it is not possible to determine even the genus with certainty. 
It appears to stand nearest to the genus PagiophyUum, and with 
it may be compared the Pagiophyllum Kurri of Schimper from the 
Lias of Germany (see Salfeld, ante, p. 186, pi. XIX., fig. 1 : also the 
Araticaria peregrina of Kurr, ante, p. 9. pi. I., fig. 1). Tenison- Woods 
has figured (ante p. 165, pi. 4, fig. 1) an obscure specimen under the 
name Cunninghamites Australis, sp. nov., which may also be com- 
pared with this fossil. Tennison- Wood's specimen wets obtained 
from the Mesozoic beds of Rosewood, Ipswich, Queensland. 

Fossil Woods, 
[8104 P, Q, S, T, U.] Fragments and casts of fossil stems, 
iii which the structure is not preserved. They are indeterminable, 
and of no value. The ribbed specimen [8104 U] has been cut across, 
but it is obviously not petrified, and consequently no sections were 
made of it. It is probably not the pith cast of an Equiseteiceous 
genus, but of Coniferous origin. [8104 T] shows what may possibly 
be a ribbed pith cast, and part of the wood lying more externally. 
It is, however, impossible to determine its position in the Veget- 
able Kingdom. [8104 R] is a poor cast of a branching or leafy twig, 
and is also indeterminable. 

Indeterminable. 

[8104 V-W]. A minute fragment of what ai)pears to be the 
apical portion of the pinna of a frond. Each pinnule appears to 
possess a well marked mid-rib, but otherwise the nervation is not 
seen. The specimen is far too fragmentary and badly preserved 
to be determinable. 

[8104 W] also shows two small seed-like bediee, which are 
indeterminable. 



28 

Conclusions as to the Age of the Beds in the Second 

Locality. 

Of the specimens examined, the fronds of Otozamites Feist- 
manleli, Zigno, and the specimen compared with Pagiophyllum, 
alone afford any evidence as to the age of the beds. 

These plants occur in the Jurassic of Europe, and possibly also 
in (?) Jurassic beds in Queensland. So far as a comparison with 
the European fossils is concerned, the age would appear to be earlier 
rather than later Jurassic. O. Feistmanteliy ' Zigno, occurs in the 
Lower Juretssic of England and Italy, and possibly also in German)'. 
Pafjiophyllum Kurriy with which [8104 X-Y] may be compared, 
is a Lower Jurassic fossil from Germany. As regards the plant 
bearing bods elsewhere in Australia, the flora of beds, probably 
of Jurassic age, in Queensland at Talgai (Condamine River), 
the Darling Downs, and Rosewood, West of Rockhampton, 
affords the closest comparison \*dth the specimens from Western 
Australia. 
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TIL— Oolitic FossiU* of the Greenow^h River 
District, Western Australia, 



R. ETHERIDGE, 
Curator of the Australian Museum, Sydney, M.S,W, 



I. — Introduction. 

Through the kindness of Mr. A. Gibb Maitland, Government 
Geologist, I have lately had tlie pleasure of examining a collection 
of the Oolitic fossils of the Greenough River District. 

The principal, and really only important, paper dealing with 
Wesit Australian Mesozoic fossils, up to a comparatively recent 
date, was that of the late Charles Moore * of Bath, England. He 
enumerated a large number of species occurring in that State and 
of these he described or figured eleven ; nine were described as 
new, and twenty were believed to be identical with European species. 
I am now in a position to figure some of these exotic forms mention- 
ed by Moore. In 1904, Mr. F. Chapman published a paper 
dealing with West Australian Jurassic fossils in the National 
Museum, Melbourne, f but no new forms were described. 

IT. — Description of the Species. 
CLASS ANNELIDA. 

Genus Serpula, Lijintvus, 1758. 
(Systema, Ed. X., p. 78()). 
Serpula conformis, Goldfuss. 
(Plate IV., Fig. 1.) 

Serpula conformis, Goldfuss, Petrefacta Germanife, 2nd Edit., 1862. 
I., p. 212, pi. 67, f. 13, a and b. 

Oba. — A few small Serpuliv are attached to the surfaces of 
Mollusca. There Ls no feature to distinguish tliem frc^m the above 
carinate Oolitic species. 

Moore enumerated Serpulw but without attaching specific 
names. 

LfOc. — ^Tibraddon Station, Greenough River. 



• Moori»--Qiiart. Journ. (Jtv)l. Stx-., 1870, XXVI., i\>. 228-261, pU. 
t Chapman— Proc. R. Soc, Vict., 1904, XVI., (n.s.), p. 327. 
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CLASS BRACHIOPODA. 

Genus Rhychonella, Fischer, 1809. 
(Notice Fo8s. Gouv. Moscou, p. 35.) 

Rhynchonella variabilis, Schlotheim. 
(Plate IX., Figs. 3 and 6). 

Rhychonella variabilis (Schlotheim), Davidson, Mon. Brit. Oolitic 
and Lickssic Brach., 1852, pt. 3, p. 78 (for synonomy), pi. 
15. f. 8-10, pi. 16, f. 1-6. 

Obs. — Thi8 species was first recorded by Mr. Moore.* In the 
l>resent collection are biplicate and triplicate individuals, answer- 
ing to the varities bidens and triplicata of Phillips. 

Loc, — Snake Farm, Cireenough River. 

CLASS PELECYPODA. 

Genus Ostrea, Linnaeus, 1758. 
(Systema, Ed. X., p. 696). 

(Ostrea tholiformis, t sp. nov, 
(Plate VII., Figs. 2-7.) 

Sp. Chars. — Lower valve obtusely conical, irregulfiwly low- 
-dome or cupola-shaped, with a large concave scar of attiichnient : 
test very thick. Upper valve flat, a little concave, or the surfaw 
rolling. Cardinal margin in both valves well developed, extend- 
ing the entire width of the upper valve ; chondrophore compar- 
atively largo ; resilium furrows both in the chondrophore and on 
cardinal margin are strong. Adductor scar in the upper vaU'e 
oblique and transversely ovate, with exsert lower margin. Well 
developed latilaminae on the exterior of both valves. 

06.S.— There are ten examples of this oyster in the collection. 
It is a solid and substantial, although not large form ; one speci- 
men is sub-lobate, the others irregularly round, or oval, in marginal 
outline. It may possibly belong to one of Bayle*s sections cf the 
Genus Pycnodonta or Bhynchostreon. In the works and collee- 
tions at my command I am unable to find any species precisely 
like it but tlio nearest is O. akkabensis, Krumbeck,J from the 
t^yrian *' Glandarienkalk.'* 

A second species of oyster is possibly present (PI. IX., fig. 2). 
It is an upper valve, flat and deltoid in outline, not unlike the same 
valve of the Kimmeridgian 0. deltoidea, Sby., but rather less deltoid. 

Loc. — Tibraddon and Sandspring Stations, Snake Fami, 
Greenough River ; Fossil Hill, two miles East of Moonyccnooka 
Railway Station. 






• Moore— Quart. Journ. Gool. Soc, 1870. XXVI., pp. 231, 282, pi. 10, f. 11 and 12. 
t Tho1u9 — a dome or cupola. 
1 ,- t Krumbeok— Beltrage Pal. Geol. Cater.— Ung. Orientfl, 1905, XVIII., Heft 1 and 2, 
Pi. 12, f. 1 and 2. 
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Genxts Alectryonia, Fischer, 1806. 
(BuU. Soc. Imp. Nat. Moscou, VIII.) 

AuscTTRYONiA Marshu, J. Sby., sp. 
(Plate IV., Figs. 5-7 ; PL V., Fig. 4). 

Ostrea diluviana, Parkinson, Organic Remains, etc., 1811, III., 

p. 217, pi. 15, f. 1. 
Ostrea Marshiiy J. Sowerby, Min. Conchol., 1816, I., p. 103, pi. 48. 

O^rea Marshii, Goldfuss, Petrefacta Germanioe, 1833, II., lief. 4, 

pi. 73. 
Osirea Marshii ,Morris and Lycett, Mon. Moll. Gt. Oolite, 1854, pt. 

3, p. 126, pi. 14, f. 2, 2a. 
Ostrexi Marshii, Moore, Quart. Joum. Geol. Soc, 1870, XXVI., p. 

232. 
Alectryonia Marshii, Fischer, Man. Conch, et Pal. Conch., 1886, 

fas. X., p. 926, f. 690. 
Ostrea Marshii, MuUer in Bemhardt's Deutsch-Ost-Afrika, 

1900, VII., p. 16, f. 1, la. 

Obs. — There are several specimens, and all may pass as varieties 
of this well known and widely spread shell, " very variable in form," 
as James Sowerby said, and shown in Goldfuss' beautiful figures. 
Both the ovately oblong and fan-shaped varieties are present, and 
the zig-zag frontal edges are also strongly in evidence. Our speci- 
mens accord best with Goldfuss' figures a, 6, /, and perhaps k. The 
elevated adductor is also very apparent in one. The area, as in 
foreign examples, is triangular and shell-like and vertically divided 
by a central wide chandrophore. 

Locs. — ^Tibraddon and Sandspring Stations, Greenough River. 

Genus Ctenostreon, Eichwald, 1868. 
(LethflBa Rossica, 1868, II., p. 455.) 
Ctenostreon pectiniformis, ScM., sp. 

Ostracites pectiniformis, Schlotlieim, Petrefactenkunde, 1820, I., 

p. 231. 
Ctenostreon pectiniformis, Eth., fil., Rec. Austr. Mus., 1901, IV., 

No. 1, p. 14, pi. 3 (for synonomy). 

Ctenostreon pectiniformis. Chapman, Prco. R. Soc. Vict., 1904, 
XIV., (n.s.), pt. 2, p. 329, pi. 30. f. 1. ^ 

Obs. — Five examples in a poor state of preservation add little 
to our previous knowledge of Australian form of tliis species. One 
ha.s the fistulous spines produced into regular elongate tubes, as 
shown in one of Lycett's figures.* 

Locs. — Tibraddon and Sandspring Stations, Greenough River ; 
Fossil Hill, two miles East of Moonyoonooka Railway Station. 



• Lycett— Suppl. Mon. Mr)ll. (}t. Oollto, 1863, pi. 29, f. 1. 
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(Jenus Pegten, O. F. Miiller, 1776. 
(Zool. DonicflB Prod., p. XXXI.) 
Pecten (?) ciNCTUS, J. Sowerby. 
(Plate IX., Fig. 1). 

Pecten cinctua, J. Sowerby, Min. Conchol., IV., p. 96, pi. 371. 
Pecten cincttis, Moore, Quart. Journ. Geol. Soc, 1870, XXVI., pp. 

230, 231, and 232. 
Pecten cinctus. Chapman, Proc. R. Soc. Vict., 1904, XVI. (n.g.), pt. 

2. p. 328. 

Ohs. — ^The name P. cinctuSn J. Sby. appeared in Moore's list 
of West AuHtralian Oolitic fossils, but no complete description of 
either the British shell, or its supposed Australian analogue has. 
so far as I am awar?, api>eared. The original figure displajs a 
«hell defective in the region of the auricles and cardinal margin, 
whilst all the West Australian specimens within my knowledge 
are in a poor or incomplete state of preservation. In all I have nine 
specimens before me, seven forming a portion of the present collec- 
tion and two in the Australian Museum ; the largest of these 
measures seventeen centimeters by sixteen and a half. 

I do not by any means feel satisfied our Australian shells are 
Sowerby's sj>ecies. Sowerby said the valves of the British shell 
were of nearly equal convexity, but in the present instance the 
valves are very far from being nearly equally convex ; indeed five 
are actually plano-convex. 

The shell is sub-orbicular, more or less plano-convex, one valve 
moderately conv(»x, the other flat, or nearly so ; the test is tliick, 
but as a rule much exfoliated. In the convex valve, one of the 
auricles (? anterior) is flat and wing-like, undivided from the body 
of the sliell, and possibly slightly falcate along the outer margin. 
On the flat valve one auricle (? anterior) is triangular with a stronsly 
falcate, or even sogmoidal outer margin. The other ear of the same 
valve, of which a portion is still visible on one specimen, is, judg- 
ing from the direction of the ornamenting laminae, rectang^-ilar : 
one of the flat valves is ornamented with fine concentric lines. It 
may be pointt^i out tliat Sowerby's figure corresponds to the flat 
valve of our shells. 

Locs. — Tibraddon Station; a quarter of a mile North- West, 
and half a mile North of Woolanooka ; Sandspring Station, Green- 
ough River ; Snake River, Oreenough River District. 

PECTEN (?), sp. 

(Plate Vni., Figs. 5 and 6.) 

Ohs. — I previously refer to Pecten two small slightly oblique 
valves, almost round in outline, very mc derately convex and with 
small flat ill-defined triangular auricles. A very large number of 
strong costae decorate the surfaces, either all of one size or alter- 
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nately larger and smaller, the latter interpolated, the former some- 
times bifurcate. The umbo was acute and overhung the cardinal 
margin. 

I believe this to be one of those unsatisfactory forms oscillating 
between Pecten and Radula and in all probability in want of a par- 
ticular generic designation. 

Loc, — Sandspring Station, Greenough River. 

Genus Radula, Klein, 1753. 

(Tent. Meth. Ostrac, p. 135). 

Radula duplicata, J. de C. Sowerhy. 

(Plate VIII., Figs. 7 and 8). 

Piaffiostoma duplicata, J. de C. Sby., Min. Conchol., 1827, V., p. 
lU, pi. 559, f. 3. 

Lrlma duplicata, Morris and Lycett, Mon. Moll. Gt. Oolite, 1853, 
pt. II., p. 26, pi. 3, f. 6 and 6a. 
Obs, — Of rather common occurrence throughout the hand 
specimens of matrix are portions of a small Radula. The auricles 
alwa^'^ either hidden or defective, and all that can be said of the 
specimens is that the size is small, the outline oblique, and the 
surface covered with many radiating, direct, strong, ai^gi^f|i\ cojstu't | 
between these are very much finer ribs, occupying .jihe certtre^'^of ' 
the valleys or inter-costal spaces, and not reaching to(thb'um^bQ.<i7. ':, 

In their present condition it is impos-sible to distinguish these 
fosjiils from the corresponding jjortions of 7*. duplicata. ^^ - ^-^L * 

Loc8. — Sandspring Station, and a quarter of a mile South of 
Tibraddon Station, Cireenough River. 

Genus Modiola, Lamarck, 1799. 
(Min. Soc. Hibt. Xat. Paris, 1799, p. 87). 
Modiola Maitlandi, sp. nov. 
(Plate v.. Fig. 1 and 2). 
Sp. Chars. — Shell large, bold, gibbous, oblique, strongly niodio- 
liform, and transversely elongate. Cardinal margins straight, about 
three-quarters the length of the sliell ; valves convex along the 
obtuse diagonal ridges, which are at first nearly parallel to the 
cardinal margins, and then curve outwards and downwards, the 
valves steep on the fore side, flat on the hind surface. Anterior 
ends very small, almost undeveloi)ed. the margin bluntly rounded. 
Ventral margins long, concave in the centre, convex at both ends. 
Sculpture of fine concentric lines and broad latilamina^ of prowth. 

Obs. — This fine shell, of which the interior is unknown, appears 
to be an Ckddition to the West Australian list. For an Oolitic 
Modiola its size appears to be unusual, and (juite vies with that of 

G.B. 36-2. 



M. alatus, Krumlx"ck, * of the Glandarienkalk of Syria ; it differs 
from this, however, in the possession of pronounced diagonal ridges 
and insinuated ventral margins. 

M, Maitiandi is not unlike some Myoconchce, particularly 
(YetacHOUs s}>ecieH. Even amongst Modiolce, the size is more akin 
to thac of the recent species Modiola vagina y Lamk, than it is to 
most fossil forms. It is named in honour of Mr. A. Gibb Maitland, 
Government Geologist. 

Loc8, — Tibr€Midon and Sandspring Stations, Greenough River. 

Gexus Cucull^a, Lamarck^ 1801. 

(Systeme. p. 116). 

CrcuLL.«A 8EMISTRIATA, Moore. 

(Plate VI., Figs. 1 and 2 ; PI. VIII., fig. 3). 

Cundhra Hemistriata, Moore, Quart. Joum. Geol. Soc, 1870. XXVI., 

250, pi. 14. f. 3. 
Cuciilla'a semistriulay Eth. fil., Ann. Rept. Dept. Mines, N. S. Wales 
for 1889 (1890), p. 239. 
♦S'^. Chars. —Shell obliquely oblong, quadrate, robust, inflated. 
Carflinal margins considerably less than the width of the shell ; 
mnbonal regions high, prominent ; umbos depressed, flattened 
above the apices curving over the area ; the latter wide, with 
sharj) niarijins. and deej)Iy excavated, the ligamentary grooves 
widely V-shaped, about fourtt^en on each moiety of the area. An- 
terior ends obtuse, the margins very slightly roimded or almost 
truncate ; anterior slopes slightly flattened but steep. Posterior 
endf^ obliquely produced, obtusely pointed ; margins above ob- 
li(jue, below oy)tusely rounded ; posterior slopes forming scalene 
trianizlcs. long, slightly concave ; diagonal ridges prominent above. 
Articiiles strong ; nu^dium denticles numerous and oblique ; lateral 
teetli tljn»e on each side, large and strong, the upper one practically 
horizontal, the median sliglitly oblique, tlie low^er decidedly oblique. 
Sculpture of deep lati laminar grooves with between them finer 
conc'cntric lim^s, crossed on the anterior slopes by fine radii pro- 
ducing a caiicillatc^d surface. 

Ohn. — Moore speaks of the "hinge-area bounded by a lanceo- 
late straiglit space." which does not appear on the specimens be- 
fore me. This species very closely resembles CJoldfuss' illiLStrationf 
of C. oh/oriffa, J. Shy. So far as I have been able to isolate the 
articulus. the shell appears to be a true CucuUteay at the same time 
tlui inu-5cular scars have not been seen. C. semistriata is repre- 
sented by the great(»st number of individuals, and it may be dis- 
tinguished generally by its oblong-quadrate robust form. 



♦ Knirobeck— B(Mtrafro PaI. (ienl. Ostcrr.— Uiifj. Orients, 1905, XVIII., left 1 aud 2, 
pi. 11, f. 4 and .5. 

t (loldfusw — PetrpfactH <iormani{p. Thiol 2, pi. 123, f. 2. 



Locs, — ^Tibraddon and Sandspring Stations and half a mile 
Xorth of Woolanooka, Greenough River ; Fossil Hill, two miles 
East of Moony oonooka Railway Station, Greenough River District. 

CuCULLiEA TiBRADDONENSIS, 8p. YWV. 

(Plate v., Fig. 3 and 4). 
(?) CttcuUsea, ap. Moore, Quart. Jour., Geol. Soc, 1870, XXVI., 
p. 250. 
Sp. Chars, — ^Transverse obliquely oblong, produced pos- 
teriorly only moderately inflated in the umbonal region. Cardinal 
margins about two-thirds the length of the shell ; umbos depressed, 
flattened above. Area narrow, deep ; ligamentary grooves fiv^e 
on each area half. Anterior ends rather obtuse, the margins almost 
vertical above, rounded below, the antero-cardinal junctions form 
ing a right angle ; anterior slopes obtuse. Posterior ends long, 
produced, narrow, wedge-shaped, the margins all rounded, and 
without postero-cardinal angles ; diagonal ridges sharp umbonally 
becoming obtuse in their downward course and dying out ; pos- 
terior slopes slightly concave. Sculpture of latilaminae, which 
are strong and corrugated on the posterior extremities, with inter- 
mediate finer concentric lines, and umbonal radii. 

Obs. — Moore recorded four species of Ciiculliea from West 
Australia, viz., C. oblonga, J. Sby., C. inflata, Moore, C. semistriata, 
Moore, and a fourth, to which no name was given, this last ** dis- 
tinguished by its being much narrower or transversety elongate." 
There is a strong probability of this being the shell in question. 
It may be at once distinguished from the others by its wedge-like 
produced posterior end. 

Loc8, — Tibraddon and Sandspring Stations, Greenough River. 

Oucull^t:a, 8p. 
(Plate VII., Fig. 1 ; PL VIII., Figs. 1 and 2\ 
Obs. — ^The collection contains four single valves that may bo 
Moore's first species of West Australian Cucullcea {C. ivflata), 
although neither of them appear to be sufficiently inflated to answer 
to his figures. The shells before me possess an outline quite dis- 
similar to those referred to C semistriata. It is quadrate, somewhat 
obliquely so, longer than bread. The cardinal margins, as Moore 
says of his C. inflata, are shorter than the width of the shell, and the 
umbos median and much elevated. The largest specimen is by 
no means perfect, but the anterior and i>osterior ends appear to be 
truncate, and there is certainly a strong posterior diagonal ridge, 
again as described by Moore, and a wide posterior slope. The area 
is wide and very high, with many ligamental furrows (more than 
fifteen). The entire valve is sculptured with fine concentric lines 
on wide latilaminae, and anterior radii. 
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Moore recorded*, but neither described nor figured, the Euro- 
pean C. oblonga, J. Sby . f as a West Australian species. He said 
*' C. oblonga is the most frequent [species] of this genus." Sowerby's 
figure is drawn from a point of view very difficult for determinative 
purposes, but notwitlistanding this, I have not seen a Cuculkea 
from West Australia I could refer to it, although the present form 
a])proache8 nearest. 

Loc. — Fossil Hill, two miles East of Moony oonooka ; Sand- 
spring Station, (ireenough River. 

(Jenus Trigonia, Druguirrc, 1789. 

(Encycl. Method. I., pi. 14). 

Trkjonia Moorei, Lycett. J 

(Plate IV). 

Triqonin Moorei, Lycett. Brit. Fos. Trigonifle, No. 4, 1878, p. 151, 

Trigonia Moorei, Moore, Quart. Jour. Geol. Soc, 1870, XXVI., 

p. 254, pi. 14, f. 9 and 10. 
Trigonin Moorei, Eth. fil., Rec. Austr. Mus., 1904, No. 4, pi. 27, 

f. 3 and 4. 
Sp. Chars. — Shell irregularly qu€kirate, posteriorly oblique : 
\'alv(»s c(ni(»rally compressed, in advanced age becoming inflated : 
anterior cardinal margins short, steep ; posterior cardinal margins 
moderately long ; umbonal regions high ; umbos much more an- 
terior than j)()sterior, fine, very slightly opisthogyrate ; escutcheon 
elonuatt^ly cordate, almost reaching to the posterior cardinal angles, 
boiiiuh'd by fairly well pronounced carinae ; ligamentary aperture 
heart-shai)ed, short. Anterior ends small comparatively, entirely 
confhiod b(»tween tlie upj>er parts of the cinctures and the anterior 
margins which are rounded ; posterior ends much compressed, 
tln^ margins short and oblique ; cinctures on leaving the umbos 
at first nearly vertical, then sweping down so as to just miss the 
postero- ventral angles, broad and shallow ; diagonal ridges prom- 
inent ; ]).)sterior slo])es flattened, each traversed by a median radial 
groove. Ventral margins well rounded on the anterior side, and 
n(»arly straight mediunally to the postero- ventral angles. Sculptim* 
anterior to t!ie cinctures of 20 23 sharp, outstanding, concentric 
lyrie, separated by wide, flat valleys, the former almost vertical 
along the anterior margins ; on arriving at the cinctures the lyrK 
rise into flat transverse nodes, but pass over the former as faint 
flat laminte, terminating at the diagonal ridges as prominent trans 
verse echinating nodes ; posterior slopes bear fme ciu^'ed radii and 
trans\'erse ridges giving rise to a scabrous surface, the points of 
intersection nodose ; on the escutcheon this scabrous sculpture 
occurs at its very apex immediately under the umbos, the remainder 



• Moore— Quart. .lourn. Geol. Soc, 1870, XXVI., pp. 231, 250. 
+ Sowerby— Mill. Conchol., 1818, III., j-. 7, pi. 20«, f. 1 and 2. 
X Non T. Moorei, Gjrich. 
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of the surface bearing lines. Articules much arched, strong ; hinge 
plates thick ; nymphse small, erect ; triangular cardinal callosity 
of the left valve well developed and projecting horizontally above, 
but distinctly hollowed below ; posterior tooth of the right valve 
long, fitting into a correspondingly long and deep socket of the left 
valve ; posterior tooth of the left valve also large and projecting. 

Qhs. — This, to us well-known, shell has not been described 
before in detail. It is one of the most characteristic West Aus- 
tralian Mesozoic fossils and occurs at certain localities in great 
profusion. The original notes published by Mr. Moore were fur- 
nished by Dr. J. Lycett, who compared T. Moorei with T, coatata, 
J. Sby., of the European Lower Oolite and found it to differ as 
follows: — (1) generally more compressed ; (2) escutcheon narrower 
and longer (3) posterior slopes (Lycett's area) larger, more convex, 
more expanded, and bipartite, the median carinsa replaced by 
grooves ; (4) inner carinae (bounding the escutcheon) slightly nodular 
and inconspicuous ; (5) anteally the lyrae approach the valve mar- 
gins almost perpendicularly ; (6) no distinct anterior truncation ; 
(7) diagonal ridge of the right valve stronger than that of the left. 
Of these characters the last does not appear to hold good when a 
number of specimens are examined. 

Mr. F. L. Kitchin considers T. Moorei to be of " essentially 
similar aspect " to his T. dhoscerm^* of the Cutch Jurassic fauna, 
but on a close examination the two shells need not for a moment 
be mistaken for one another. 

There is a much higher degree of gibbosity, or inflation, in the 
united valves of old shells, than in those of yoxmg and median growth. 
In old individuals also the scabrous surface of the posterior slopes 
is much accentuated. Other than these points the species appear 
to maintain its character free of variation. The largest example 
to come under my notice inecwured two and a half inches along the 
cinctures from umbos to ventral margins. In absolutely unworn 
specimens, the interlyrate concentric striae on crossing the cinctiu-es 
rise into delicate frills. 

Locs. — Tibraddon and Sandspring Stations, Oreenough River ; 
Fossil Hill, two miles East of Moonyoonooka Railway Station ; 
quarter mile North- West and half mile North of Woolanooka, 
CJreenough River and Snake Farm, Greenough River. 

G KNITS AsTARTE, J. Sowerby, 1816. 
(Min. Conchol., II., p. 85). 

ASTARTE ClIFTONT, MoOTC. 

(Plate v., Figs. 5-8; PL VI., Fig. 3). 
Asiarie Cliftoniy Moore, Quart. Joum. Geol. Soc, 1870, XXVI., 
p. 249, pi. 13, f. 10. 
Sp. Chars. — Shell ovately- trigonal, inequilateral in the ex- 
treme, compressed ; cardinal margins highly arclied, strongly re- 

rKltchin— J urassic Fauna of Cutch (Pal. Ind.). III., pt. 2, No. 1, 1903. p. 29. 
pi. 3. (. 1 and 2. 
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verst»d V-shajH»d, short on the anterior sides, and very long pos- 
teriorly. Umbos finite anterior, fine, sharp, and depressed ; lunule 
large, ri(»ep, ovate cordifonn ; escutcheon very long, deep and 
narrow ; ligament ary aperture less than half the length of the escut- 
cheon, ligament stout. Anterior ends merely fractional from the 
advanced f>osition of the umbos, tlieir brief margin quite rounded ; 
anterior diagonal ridges short, curved very sharp, bounding the 
lunule. Posterior ends consisting of what is tantamount to the 
entire valves, flattened, the margins rounded, forming by their 
junctions with the oblique cardinal margins approximate angles of 
15^ ; posterior slopes quite inconspicuous. Sculpture of very 
numerous, sharp, close, regular, concentric lyrae. 

Obs, — ^The ovately- trigonal outline, long obliquely arched 
cardinal posterior margins, and compressed valves, render this 
an easily recognised shell. It is only to be distinguished from 
A. »ubtrigona, Miinster,* of the Wurtemberg Inferior Oolite, by 
possessing a rather more oblique outline and more compressed valves. 
I have seen the articulus of the left valve, and it is characteristic- 
ally astartiform ; the central socket for the reception of the right 
<'entral cardinal is remarkably large. 

Loc. — Tibraddon Station, (ireenough River. 

CLASS GASTEROPODA. 
(Jenus Pleurotomaria, Defrancefy 1824. 
(Tableau, p. 114). 
Pleurotomaria (Jreenoughensis, sp. nov. 
(Plate VIII., Figs. 9 and 10). 
Sp. Charn. — Shell conical, grtidate ; whorls six, ste]vlike, loAver 
portion the Urger moiety and slightly oblique, the upper half nearly 
horizontal ; band ]3robably represented by a slight groove around 
tlie middle of each whorl. Sculpture spiral. 

Obs. — A very unsatisfactory specimen, but &s univalves ap|)ear 
to be so scarce in collection of West Australian Mesozoic fossils, 
it was thought advisable to notice it. The base is incomplete, but 
the mouth was probably transversely oval and oblique. The finer 
details of sculpture also are not preserved. 

Loc. — Sandspring Station, (ireenough River. 

CLASS CEPHALOPODA. 

(Jexus Dorsktensta, S. S. Buckmafiy 1892. 

(Mon, Inf. Oolite Ammonites, pt. VI., p. 302). 

Dorsetkxsia Clarkei, Crick, 

(Plate VI.. Fig. 4 ; Plate IX., Fig. 7). 

AmmonitPA radians, Moore fnon Srhlotheim), Quart. Journ. Geol. 

Src. 1870, XXVI.. ji]). 230, 231, 232 : pi. 15, f. 2. 
Ammonites {Doraricnsia) Clarkei, Crick, (Jeol. Mag., 1894, I., (4), 
p. 388, pi. 12. f. 2, a-c. 
Obs. — Seven examples of this species are before me in varying 
states of preservation, the largest with a diameter of three and a 

f ,^ * M"ns^"— In Ooldfntw. iVtrofarta (Jernianlc?, Ed. 2, 1862. II., p. 183 d1 134 
r- 17, a and 6. t Restilctrd, FJsrhrr. 
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quarter inches. Two of the specimens exhibit five and a half 
whorls and still incomplete. In casts the costae disappear on the 
danks at about the sixth whorl. 

Ltocs. — ^Tibraddon Station and Snake Farm, Greenough River ; 
Fossil Hill, two miles East of Moonyoonooka Railway Station. 

Gentjs Perisphinctes, WaageUy 1869. 
(Benecke's Geogn-pal. Beitrage, 1809, II., p. 248).* 
Perisphinctes championensis. Crick ? 
Ammonites {Perisphinctes) championensis , Crick, Geol., Mag., 1894^ 

I., (4), p. 436, pi. 13, f. 2 a and c. 
Ammonites {Perisphinctes) championensis y Chapman, Proc. R. Soc. 
Vict., 1904, XVI. (n.s.), p. 331, pi. 30, f. 2. 
Obs. — ^Two imperfect specimens are referred to this species 
one with a diameter of five and a half inches. Both exhibit the 
superurabilical nodes and fasciculate costte of this and P. robigi- 
na^us. Crick, t indeed, it is very difficult to distinguish the one 
from the other. 

I^oc. — ^Tibraddon Station, Greenough River. 

Genus Sph^roceras, Bayle. 
Sphaeroceras semiornatus, Cnck ? 
(Plate IX., Fig. 8). 
Ammonites Brocchi, Moore (non J. Sby.), Quart. Joum. Geol. Soc, 

1870, XXVI., pp. 231, 232, pi. 15, f, 4. 
Ammonites (Sphceroceras) semiornatus. Crick. Geol. Mag., 1894,. 
I. (4), p. 434, pi. 13, f. 1, a and 6. 
Obs. — A single impression or mould in limonite may represent 
this species judging by tlie remains of the sculpture ; the super- 
umbilical or dorsal tubercle-ribs passing into more numerous median 
or ventral costa* are quite apparent. 

Loc. — Tibrtwidon Station, Greenough River. 

(tENUS Xauttlus, Breynius, 1732. 

(Dissert, de Poly thai). 

Xautiia's pkrornatus, Crick, 

2<^autilus semistriatus, Moore (non D'Orb.). Quart. Joum. Geol. 

Soc, 1870, XXVI., pp. 230, 231, 232. 
Xautilus peromatus. Crick, (ieol. Mag. 1894. I. (4), p. 386, pi. 12. 
f. 1 a and c. 
Obs. — In the present collection are three examples imperfect 
a,TX€^ poorly preserved, but still showing that the shell attained a 

* Fid0 Neumayr. 

t Crick— Ck^ol. Ma«.. 1894, I. (4), p. 438, pi. 13, f. 3, n, and h. 
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larjfe size. The largest consiats of a portion of the venter and one 
Hank, the former bearing revolving costae, and the latter coarse lines 
of growth. This specimen measures round the venter sixteen inches, 
and across the same, four and a half inches. The second example 
is similar but smaller, whilst the third is pewt of a flank and half a 
venter again exhibiting the revolving costse, but in this irstanc^ 
on both, with septal sutures and camerae. The third example is 
a much smaller sj^ecimen, about double the size of Mr. Crick's figure. 
Loc. — Tibraddon Station, Greenough River and Fcssil HilK 
two miles F^ast of Moonyoonooka Railway Station. 



EXPLANATION OF PLATE IV. 



Triookia Moorei, Lycett. 

].-- A fuli jirown specimen of a left valve showing the lyra; pas-sing 
.icross the cincture as frills. 

2.- -A similar valve the lyra? terminating in tubercles before passing 
over the cincture ; the posterior slope with .semi-concentric lyra* 
iJiul median slmllow radial groove. 

3.- SliirliMy smaller example with the eschinated sculpture of the 
])()st(Mior slope and well developed nodes along both sides of 

the cincture. 

4. — A similar specimen to Fig. 3. 

,').— Arliculus of a left valve showing the projecting cardinal socket-liko 

callosity and teeth. 

(». — Internal cast of the right valve. 

7.— Tnternul cast <if the imited valves seen from above. 

8. — The same seen from the anterior. 
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Plate IV, 








-^ tl S-^MMMMil fl*l 



42 



EXPLANATION OF PLATE V. 



MouioLA Maitlandi, Klh, fil. 
Fifir. L — I^ft valve of a well preserved example. 
», 2. — The united valves seen from above. 

(V( TLL-KA TrBRADDONENSIS, Ktk. fil. 

„ 3. — Ix'ft valve slightly imixM'feet. 

,. 4. — The united valves s.^en from above, exhibiting the area. 

AsTARTE (YiFTONi, Mwtre. 

o. — Right valve showing the general outline and close regular eon- 
cent rio lyra». 

<>. — I'nited valves seen from above with the esc\itcluM)n and ligamcnl. 

7. — Anterior end of the united valves with tlie lunule. 

8. — Articulus of the l.-ft valve. 
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Plate V. 






^w<i 



nh /.*. I'^Off'i^^' '^''^' 
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EXPLANATION OF PLATE VL 



ClTCULL.EA SEMISTRIATA, MoOTt. 

Fig. \. — Left valves nearly complete. 
„ 2. — ITnited valves seen from above, exhibiting the area. 

AsTARTE Cliftoni, Moore. 
X — Right valve of an individual with fine lyree. 

DoRSETENsiA Clarkei, CHck. 

4. — An imperfect shell exhibiting costse on the inner whorls, also sutures 
and keel of the venter. 



Ai.Ei'TRYoxiA Marshi, J. Sowcrhy. 

.1. — Intorior of portion of a fan-shaped (?) valve with the elevated 
adductor scar. 

0. — Exterior with subradiating cost83 and partial view of the zig-zag 
frontal edge. 

7. — Interior of a subtriangular valve with the elevated adductor scar, 
and largo triangular area and it« wide chondrophore. 
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Plate VI. 




jTrank K. Leggatt. Vcl 
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EXPLANATION OF PLATE VIL 
Cu('ri.L.«A, sp. 



Fijr. L — Left valve nearly complete with latelamine bearing , subordinate 
concentric lines, crossed at the anterior end by fine radii. (This 
may be C. inftata, Moore.) 



OSTRBA THOUFORMIS, Etk. fil. 

2. — Exterior of flat valve. 

3. — Interior of the name valve with the elevated adductor scar rim and 
Serpnlre. 

4. — Another example of a flat valve. 

5. — The attached dome-shaped valve more or^j^less exfoliated. 

r».--A much exfoliated attached valve. 

7. — Another similar valve, but less dome-shaped than Fig. 5, and with 
a larger area of attachment. 
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Plate VII. 




X*^^«Z. V T s,.^.,^t* J^^l 
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EXPLAXATIOX OF PLATE VIII. 



Cl'CULL.«A, «p. 

Fip. 1. — Imperfect Right valve, possibly referable to C. injlata^ Moore. 
2. — I'mbonal elevation and partial area of the same specimen. 

CUC'ITLL.«A SKMLSTRL\TA, Moore. 

3. — I'mbo, area, and teeth of the articulus. 



.Alectrvoma Marshi, ./. Shy. 

4. -An imperfect specimen exhibiting the strong subradiating costsv. 
and undulating or zig-zag front. 



pErTEN (?), 8p. 
."). — A small valve provisionally referred to Pfffen with strong costff. 
<». — .Anotlior valve, probahW the opposite to that represented in Fig. 5. 

Radi'la DiTUCATA, J. de C. Sby. 
7. — Portion of a valve, less the auricles. 
8. -The costsi', primary and secondary, much enlarged. 

Pi.ElTROTOMARIA GrEENOUQHEKSIS, Eth. fil. 

1). — The shell seen in elevation. 
,. 10. -The base. 
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Plate VIII 




'rani R. Leggati, Del. 
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EXPLANATION OF PLATE IX. 



Pecten (Y) ciNCTrs, J. Shy. 
Fig. L — Flat valve much exfoliated, with remains of the auricles. 

OSTREA, ep. 

„ 2. — Interior of an iipjier or tlat valve exhibiting area above, test laminae 
at the sides, and the adductor scar. 

Rhvnchonella v.\riabius, Schhtheim. 

„ 3. — Umbo of the i^edical valve, and the brachial valve with the fold 
occupied by three costte. 

„ 4. — Lateral view of the specimen rc>presented in Fig. 3 — X 3. 

„ 5. — Pedicle valve of the 8i)ecimen i-epresented in Fig«. 3 and 4 ; the 
sinus occupied by two co8t» — X 3. 

„ 6. — A second specimen, the fold of the brachial valve benring two oosta* 
— X 3. 

DnRSETENsiA (Yarkei, Ci'ick'. 
„ 7. — A larue e\nm])le exhibiting the costa^ and keel of the venter. 

Si'lI.EKOt KRVS SEMTORNATV^. Crick (?). 

„ 8. — Cast from a nntural mould in limonite displaying a very imperfect 
specimen. 
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lY .— Sthenurus Occidentalis (Glauert). 

BY 

LUDWIG GLAUERT, F.G.S. 
Field Geologist, 



Introduction. 

In the course of a construction of a pathway in the Mammoth 
(Jave, Margaret River, 1904, the workmen fovmd it necessary to 
break into a large boss of Stalagmitic material. As soon as the 
external layer had been removed, bones, mostly in a fragmentary 
condition, were encountered. Many of these were laid on one side, 
but, owing to the true significance of the discovery not being evi- 
dent to those engaged upon the work, many valuable portions were 
doubtlessly destroyed or lost, while those to hand have suffered con- 
siderably from the rough usage to which they have been subjected. 

Mr, E. A. LeSouof, the Director of the Zoological Gardens, 
collected numerous specimens, which he had conveyed to Perth, 
w^here, in due course he handed over the majority to the Secretary 
of the Caves Beard of Western Australia, tlie authority controlling 
the cave where the bones were found. In November, 1908, Mr. 
LeSouef, made a further delivery of fossil remains, obtained with 
those previously handed over, including a lower jaw which he had 
recognised as belonging to SthenuriLSy an extinct genus of the Mac- 
ropodidae not previously recorded from this State. 

The Caves Board, aware of the great importance of the find, 
submitted the specimens for examination and desorii)tion. The 
report, dated January 26th, 1909, was submitted to the Board at 
the meeting held on Friday, January 29th. 



ORDER MARSUPIALIA. 

Suborder Diprotodontia. 

Family Macropodidte. Sub Family Macroi)odinyp. 

Genus Sthenurus, Owen 1873. 

Sihenurua (1) Owen Proc. Roy. Soc. London XXT., No. 141, p. 

128—1873. 



(1.) Synonomv Fiie TrouM^irt's " t'.itil v^ni-; MuuiniaUum " Tom. II.. 1900. 
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Owen Phil. Trans. Roy. Sec. London, CLXIV., pt. 

I., p. 266—1874. 
Lydekker Cat. Foss. Mam. Brit. Mus. (N.H.) pt. 

v., p. 232—1887. 
Lydekker Handb. Marsup. p. 253—1894. 
DeVis. Proc. Lin. Soc. N.S.W., 2nd Series, Vol. X.^ 

p. 88—1895. 

P.otrmnodon (partiin) Owen Proc. Hoy. Soc. London, XXI., No. 

141, p. 128—1873. 
Owen Phil. Trans. Roy. Soc. London, CLXIV. 
pt. I., p. 274—1874. 

Procoptodon Owen Proc. Roy. Soc. London, XXI., No. 145, p. 
387—1873. 
Owen, Phil. Trans. Roy. Soc. London, CLXIV., 
pt. II., p. 786—1874. 
Pachysiatjon (n.n.) Owen Proc. Roy. Soc. London, XXI., No. 145, 

p. 386—1873. 
Owen Phil. Trans. Roy. Soc. London, CLXIV., 
pt. II., p. 784—1874. 

MacropiM (partini) (1) Owen Mitchell's 3 Exped. East Austr., 

Vol. II., p. 359—1838. 
Owen Descr. Cat. Mam. Aves. Roy. Coll- 
Siir. London, p. 325—1845. 

Mncropus {Sthenuriw) atlas (type) Wellington Valley, N.S.W. 



Sthf:nxtri's occidentalts, Olauert. 

i^tkcnurus sp. nov. Glauert Proc. Geol. Sec. London, No. 881, p. 
120-1909. 
Quart. Journal Geol. Soc. London, Vol. LXV., 
p. 402—1909. 
Sthf'nurun occidrntah's sp. nov. Records W.A. Museum. Vol. I.. 
l)t. 1, p. 31, etc., 1910. 
Prof. Owen's descri[)tion of Sthcnurna atlas^ w^hich is the tyj^e 
(^f the ^cnus, is ])ublishod in the Philosophical Transactions of the 
Rnal Society of London. CLXIV, Part I., 1874, pp. 265-274. 
with fij^ures (2) and is rather too lengthy to quote here, particulRrly 
as nnich abbnniated accounts of the generic characters are driven 
by lat(»r aiitliors. 

Mr. R. Lyd(»kker, tlie author of the Catalogue of the Fo.'^ils 
Mammalia in the British Museum (N.H.), suggests radical alter- 



(\.) Sef also ()>MMi '• Thf Extinct Mammals of Australia " 1877, a work which con- 
tains th" results of Prof. Owens' roHoarches cm tlie extinct Marsupials of Australia united 
in book form. 

(2.) This description is repeated in Owen's " Extinct Mammals of Australia," 1877, 
pp. 416—424, etc. 
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ations in part- V. of that work. He restricts the Genus of Sthenurus 
to one species only S. atlas, and places all the other species under 
Macroptis. Further he states (1) '* It will be shown in the sequel 
that all the upper jaws dsecribed by Owen under the name of 
Sthenurus and the lower ones as Protemnodon^ indicate large 
Wallabies belonging to the present genus : {Macropus), although 
the genus Sthenurus a.s defined below, is a valid one." 

On page 231 of the same volume we find the description cf 
Sthenurus. " The fourth upper premolar develops a complete 
inner, and the lower one a corresponding outer lobe, so that the 
worn crown of these teeth present oval, flat siu*faces, and have no 
secant edge. The true molars have no vertical enamel folds, and 
are short and wide : the longitudinal bridge connecting the ridges 
being very imperfect, and the anterior talon of the upper molars 
unconnected by such a bridge with the first ridge. The mandi- 
bular symphysis is not anchylcsed, and the lower incisors are of the 
macropine type. The Genus connects Macropus with Procoptodon. 
This latter genus w€ts described as follows ( 2 ) by Mr. Ly dekker : * * ( ienus 
Procoptodon (Owen). The mandibular symphysis is anchylosed 
in the adult, and the ramus of the mandible short and deep, the 
diastema being also short. The premolars resemble those of 
Sthenurus in structure, but the true molars are elongated and usual- 
ly have their enam(?l thrown into a series of vertical folds. There 
are large palatal vacuities : and the lower incisors are subcylin- 
drical." 

There being a large stock of material in the Queensland Museum. 
the ciu'ator, Mr. C. W. DeVis, examined the specimens in that 
collection with a view of adopting the new classification. He 
found, however, that he could not sejiarate Sthenurus and Procop- 
todon on account of the numerous intermediate-forms, and therefore 
■wrote (3). " An amalc^amation of Procoq>todon with Sthenurus is de- 
manded by their verisimilitude of tooth sculj)ture. and by the occurence 
of forms of transition between the two. Owen's reference of the 
maxilla of Protemnodon anak to *S. atlos has been accounted for 
by Mr. Lydekkei." 

The enlarged Genus Sthenuru/i is defined by Mr. deVis in 
those terms : — 

" lx)wer jM>rmanent premolar with an obliquely diHrupted lobe forming 
the posterior moiety of the outer side, the eleft oceii])ied by sinuous 
and papillary folds. l'])])er permanent premolar with a broad ledire 
on the inner side its cavity traversed by erect folds. Molars short, 
with aHcendinjr. ta])ering, spreading inkls incumbent on their surfaces ; 
posterior, basal. marirJns tumid, ))ut rarely forming distinct talons, 
mandibular svm])hysis generally anclivlosed : lower incisors </rnerally 
small, laterally compressed and much less incumbent than in other 
Macropods. A vascular foramen on the outer side of the mandible 
beneath one of the ])osterior molars, l^istorior oiitice of dental 
canal eepcrally above the level of the teetli. Palate with large 
vacuities." 



(1.) op. dt., p. 207. 
(2.) op. c\t., p. 233. 
(n.) Proc. Lin. Soc. N.S.W.. 2iid serirs. Vol. X.. p. sh— 180.'). 
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An the H{)eciinen under consideration possesses characteristics 
associated by Mr. K. Lydekker with Procoptodon and Sthenwrus 
as distinctive features and also disagrees witli both of them in 
several important points ( x ) it has been considered advisable to 
adopt the name of Sthenurus in the wider sense suggested by Mr. 
C. W. deVis. 

Description. 
The specimen consists of the major portion of the left mandi- 
bular ramus, embracing the incisor, the diastema, all the cheek teeth 
and the lower part of the coronoid united in the position of nature 
to the right ramus which is perfect up to and including the third 
cheek tooth (m2) (1). The state of the teeth show that the last 
molar (m4) has been in use for some time before the death of the 
animal, the individual would therefore be classed as aij/ed by Mr. 
Oldfield Thomas (2) and as adult by Mr. C. W. deVis (3). All the 
milk teeth have been shed, and of the permanent dentition ever}' 
member shows signs of wear. 

It is i)08aible to take the following measurements, chiefly on 
the left side. 

Inciaor (i) length from base of enamel to the extremity of the worn 

crown 22 m/m: length of cutting edge of crown 13 (1) 

thickness of crown 6"5 ; vertical diameter at base of enamel 

1 1 ; transverse diameter 7. 

Df'a sterna. Lenptli, from posterior base of enamel of incisor to 

ante»rior edge of socket of premolar (p4) 22*5. 
C1i(vk tvt'th. — Lenytli of entire series, in situ, from anterior edge 

of p4 to hind kkX^'c^ of m4 61. 
Premolar (p4) antoro j)osterior dimension 17, summit of crown 

12-,'). greatest width of anterior moiety 7, of posterior 9. 
First Molar (ml) (5) length 10-5. width fore lobe (6) 8-5, hind lobe 

8 • T). 
Second Molar (m2) length 11 '5, widtli fore lobe 8-5, hind lobe 9-5. 
Third Molar (ni3) length 12-5. width, fore lobe 10, hind lobe 10. 
Fourth Molar (m4) length, 11-5, width, fore lobe 9-5, hind lobe 9. 
The Mandible. —Length of jaw from the tip of the incisor to the 

Iiind margin of tlie coronoid 160 : greatest depth in front of 

f X .) This sprrimon has the anchyloftod symphysiia, the short aud deep ramUR. the 
Khort diastfina and tlie vertical folds in the enamel of the molars of Procoptodon 
associated >\ ith the ."^htii t and wide molars of Sthenurus. the longitudinal links are but faint 

(1.) At thf tiiuo of tln' preparation of thisKeport, I was permitted by the Director of 
the W. A. MuHpiini to oxamine sev««ral boxes of sperimens presented to that Institution 
by the Caves Hoard, an«l I had the trotid fortune to find the remainder of the right ramas 
so that fhf specimen is praetieall,\ a complete lower jaw. This description simply deab 
with Ihom* piitions submitted by the Caves Board in December, 1908. 

i'l.) Cntalosiu ' of Mnrsuirialia and M«niotremata in the collection of the British 
Museum (Nil.) p. 7. IHSS. 

(:J.) " A Review of the Fossil .laws of the Macropodidte in the Queensland Museum." 
Proc. Linn. Soc. N.S.W.. 2nd series. Vol. X., p. 74) — 1895. 

(4.) As all the measurements are jriven in millimeters it is proposed to omit the 
ra.m. in this section. 

(5.) This corresponds to the d4 of Professor Owen. The ml of this authority agrees 
with the m2 of later writers. 

(6.) In this list of measurements, the width of the lobes of the molars is the extent 
of the cuttinc ediros of the lobes. 



p4 — 34, greatest depth at m4, 35 : depth behind j34, 31. 
Thickness under p4 — 15, beliind m3 — 18, anterior dental 
(vascular) (1) foramen 7J-8, below the diastemal border 
and slightly in advance of p4. A second, smaller foramen 
15 below the base of the posterior lobe of ml. 

The Teeth. 

The Incisors, (i). 

These teeth are shorter, but vertically longer, tlian in Macropus, 
they gradually taper from the base to the extremity and have an 
outline very similar to the corresponding teeth of S. atlas, as figured 
by Owen (2) though their working surface is relatively longer, a 
feature which is no doubt due to the greater age of the individual, 
the inner surfaces of tlie tooth are covered with enamel, whilst even 
on the former there is an inverted V-shai)ed sinus caused by the 
encroachment of the radical cement. 

At the socket the teeth have an oval or ellijitical section, and 
an ovate, almost lozenge shaped one at the ba»e of the enamel. 

Fig. 1. Fig. 2. 





L.G., del. pi X 2. L.(J., del. p4 x 2. 

The left lower premolar (p4) The same, seen from 

outer aspeet, twice the natural above, twice the nat- 

»izt lira] size. 

The Premolar (i)4). Figs. 1 and 2. 

This tooth is elongately oval in horizontal st'ction, possessing 
«k marked constriction at a jwint 7 m/m from the anterior basal 
edge, chiefly on the outer aspect, which almost divides the tooth 
into a fore and a hind lobe : the constriction ])asses ui)wards and 
backwards to the cleft which proceeds oblitjuely along the crown 
of this tooth so that the lobe forming the anterior ])ortion of the 
outer surface of the crown occupies the whole of the inner face. 
At the anterior extremity of this cleft there is a notch in the crown 
of the tooth. The posterior part of the crown is sliorter than the 

(X.) ThW*l»p^Hhien haa the anchyloHcd synipli>siK, the short and tlcop lanius, the 
short diastema and the vortical folds in the enamel of the molnrs of J*r(>rof)ffHf'>n associat- 
ed with the short and wide molars of Sthetitirus, the lonffitndinal links are but faint. 

(1.) Lator authorities term this the mental foramen. 

(2.) Phil. Trans. R«)val Soc. 1874. Plate XXII., Ars. 5 and 6. and Kxtinet Mammals 
of Australia, Plato hXXXII.. tigs. 5 and 6. 
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crowii of the succeeding molar, it was evidently used for crusliing 
or pounding as it has a broad working surface with complex trans- 
verse ridging between the inner and the outer edges. Of the com- 
plex folds or ridges one is of much greater size and prominence than 
the n»Ht. 

The ouU»r and inner faces of the fore part of the tooth each 
possess three more or less distinct folds which pass upwards from 
the prebasal ridge : the aj)ices of the first and second form the well- 
marked anterior prominence of the tooth, the third reaches up to 
the ridije that pa^sses backwards from the prominence to the hind 
part of the crown. This ridge after having been traversed by the 
notch of the point of the constriction passes uninterruptedly to 
the intero-posterior angle, here it is broken by a distinct vertical 
fold, then it sweeps round to form the curved trenchant edge of 
the postero-external lobe and to join the fore and aft ridge at the 
point of constriction. A faint prebasal ridge can be traced on the 
fore, inner and outer aspects of the tooth but is entirely absent 
from the hind face, which is j>erf€*ctly smooth and plain from side 
to side, and base to crown. 

Fig. X 




h. n., del. ml* X 2. 

The secoml right 
lower molar (in2) 
seen from above, 
twice the natural 
size. 

The Molars (ml— m4). Fig. 3. 

Tli('s(» teeth an* short and wide, the lobes are thin and almost 
straiglit, being slightly convex backwards. The crests of the lobes 
ai'e slightly concave, angles sharp, forming a sharp point on the 
inner edge, but on the outer one resembling a somewhat thickened 
])r()tuberan(H» from which a marginal fold proceeds do\%Ti wards 
and forwards almost closing —in the case of the one from the hind 
lobe -the mid-valley, the fold from the fore lobe fringing the outer 
edg(» of the f.)ld that forms the anterior ledge, or talon, of the lobe. 
Similar marginal folds, but branching are to be seen on the anterior 
surface of the imier angle of the fore lobe, and are represented by 
a simple marginal fold on the anterior surface of the inner angle of 
the liind lobe. Kxternal incumbent fold on the fore lobe large and 
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prominent sweeping round to form a sharp ridge along the anterior 
ledge or talon of the tooth. The second fold is very short and al- 
most rudimentary, the third slightly less prominent than the first, 
branching, the branches reaching to the base of the anterior ridge, 
three or four additional folds are more or less indistinct. In a 
worn tooth most of these folds are very difficult to distinguish. 

Several vertical folds on the hind surface of the fore lobe, only ' 
two of which can be seen distinctly, the outer one forming the longi- 
tudinal link and the second giving rise to a subsidiary link. A 
third very subordinate vertical fold forms a faint line reaching 
to the inner angle of the hind lobe. Two or three additional mark- 
ings are present, evidently cori'esponding to the insignificant folds 
on the fore surface of the hind lobe. Hind surface of the hind 
lobe ornamented with numerous, about nine, rudimentary vertical 
folds which pass down to the slight post basal swelling that can 
hardly be termed a ridge. 

The Ramus. (Plates X., XT., XII.) 

The lower jaw is strong and powerful, it differs considerably 
from that of Macropus, firstly it is much more solidly built, which, 
together with the shape and size of the teeth, suggests that the 
animal's food consisted of hard vegetable matter ; secondly, the 
diastema being short and straight and not long and curved, the 
contour of the upper border of the ramus differs to a marked extent 
from that of Macropus. 

As in Owen's figure of S. a tins (1) we find a large for a men present 
on the outer side of the mandible below the diastema and sliglitly 
in front of p4, as well as a second smaller one which is placed under 
ml instead of beneath one of tlie posterior molars. The rear portion 
of our specimen shows the fenestral vacuity in the form of a pouch 
having its opening slightly below the lev^el of the alveolar plat- 
form, it communicates with a pouch on the inner surface of the jaw 
by means of a fenestral foramen. The posterior opening of the dental 
canal is also distinctly to be seen in the pouch. 

The post -alveolar platform has a sharp inner border and a moat 
distinct angle. The outer face of the ramus bears a i)]atform under 
and round the base of p4 and a short groove commencing 15 m/m 
below the crown of p4 and extending as far as the hind edge of ml. 

Immediately below this chamiel the outer surface of the ramus 
s^fvells considerably so that the section is fairly convex in a vertical 
direction though almost straight horizontally. 

. On the inner face of the ramus the ramus thins rapidly below 
a well-marked ridge that runs obtusely along the ramus, connecting 
the posterior extremity of the alveolar platform with the lower 
end of the symphysis. The sym])hysis is anchylcsed and large 
in extent ; above it there is the pcstsym])hysial de])iv«8icn which 



(1.) PMI. Trans. Royal Soc. I.or.don. 1874, Plato XXII., fl?. 5. 
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IH ))resent in both rami and consists of a channel communicating 
with a foramen (?) 

Little of the coronoid process is to be seen, still it is evident 
that tlie anterior border of the ascending process ran at right angles 
to tlie line of the molars. 

The lower border of the mandibles shows a distinct upward 
arch rising abruptly at the posterior end of the symphysis. 

Compared with 5. atlas, as figured by Owen, the ramus is seea 
to be considerably deejjer and thicker in proportion to its longitu- 
dinal extent, the diastema is markedly shorter, 12 J m/m — and 
the incisors much more inclined. 

Sthenurus occidentalis. 

Specific Characters. — Longitudinal links continuous, with the 
outermost of the incumbent folds, low, but distinct; a second 
link, lower and very indistinct in a worn tooth, present in the mid- 
valley of all the molars. Posterior basal ridge absent in ml and 
but faintly in the other molars. 

Mandible thick, symphysis anchylosed. Incisor inclined, pos- 
terior dental foramen below the lower of the teeth, level with the 
alveolar groove. Anterior edge of the coronoid process rising at 
right angles to the line of the teeth ; under surface of the mandible 
arched upwards. Diastema short. Ramus thinner than in 5. 
oreas (I)eV'is), and deeper than in S. atlas. (Owen). 

Sotc. — The subsequent examination of several additional 
.sijecimens shows that " the external incumbent fold on the fore 
lobe wliich swe(»ps round to form the sharp ridge along the anterior 
talon of the tooth " is ornamented with two or three vertical folds 
on its outer aspect. (1.) 

Differences and Resemblances. 

S. (foiiah, Owen. iS?. rapha, Owen, and S. pu&io, Owen. 
These forms are unich larger in size and have differently sha|)ed 
rami and teeth. The ornamentation is also of a different pattern. 



S. pales. Owen. 

This form is much larger in size but resembles 5. occidentalis 
in tlie arrangemtnit of the incumbent folds on the anterior aspect 
of tlie fore lobes of tlie molars and in the sculpturing of the pos- 
terior surfaces of both the fore and hind lobes. 



S. ottiel. Owen. 

Tiiis sjieeies is of much greater size than the specimen under 
review, and has teeth which are differently shaped but which bear 
ornamentations very similar to those found on S. occidentalis. 



(1.) VUle also Requel. 
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S. oreas. DeVis. 
Our fomi h€w the same general outline as this species anc^ the 
same depth of ramus as well as an anchylosed symphysis. On 
the other hand, the teeth are of different dimensions, as will be seen 
froni the table below. The ramus is also considerably thinner than 
that of S. oread, so that there can be no hesitation in looking upon 
our form as distinct from this Queensland species — we must bear 
in mind that ours is the jaw of an " aged " or adult animal in whose 
skeleton no fiirther developments are to be expected. 









S. oreas (t). 


S. occidentalis. 


Cheek series . . 




. , 


..62-2 m/m ., 


60-61 over all 


nnl-m4 




. . 


..58 


45 


ml-m3 




. , 


..41 -5 .. 


. 32-33 


p4 






..11-9 .. 


. 12-5 (17) „ 


m3 (length of) 






..14-6 .. 


12-5 


m3 (width of) 






..121-13-2 


10 


Thickness of mandible 


..220-25-8 


15 X 17 or 18 


Anterior depth 


of 


mandible34-2 .. 


34 


Posterior depth 


of 


mandible35 '5 


35 



S. atlas. Owen. 

This species (according to DeVis, loc. cit.) is distinguished 
from S. oreas »y having a much more slender ramus and by the fact 
that the symphysis is not anchylosed. In shape too, the ramus 
is fiat exteriorly, increasing in depth posteriorly. Lower contour 
lines straight or arched upwards. 

Against this, our form is thick, the exterior surface slightly 
convex longitudinally (horizontally), much more so vertically. 
Lower contour line arched upwards. Symphysis anchylosed. 

Owen's figure of S. atlas (1) shows a ramus which differs from 
S. occidentalis in one or two other points; for instance, it has a longer 
diastema and shows very little if any trace of the inverted ridge 
or projection which is so evident on the inner side of the ramus 
of our form of Sihenurus. 

As regards mefibsurements we find the following relations : — 

S. atlas (2). S, occidentalis. 

Cheek series .. .. 55 -8-58 -6 60-61 over all 

ml-m3 .. .. 301-31-6 32-33 

p4 121 X 6-8-12-8X 7 12-5x6(17x7x9) 

over all 

m3 (width of) .. 8 -9-10 -5 10 over all 

Thickness of mandible 14-8-15-6 15-17 or 18 

Anterior depth of man- 26 1-28 -5 34 

dible 

Posterior depth of 29-32-7 35 

mandible 

(t.) Op. eii., p. 96. 

(1.) Owen. Phil. Trans., 1874, pi. XXII., ftps. 5, 6, 7 and 8. 

(2.) De Vis., op. rit. p. 98. 
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There is evidently a close relationship between our form and 
these last two species. 

Since the above description was written I was engaged by the 
Western Australian Museum Committee and the Caves Board of 
W.A. to undertake further explorations in the Mammoth Cave. 
Amongst 2,000 specimens, several mandibular rami of S. occiden- 
tal i^ were obtained which, upon examination, confirmed the descrip- 
tion and measurements given in my report to the Caves Board. 
All the specimens obtained were presented to the We>stem Aus- 
tralian Museum by the Board in March 1909. 

Note. — Amongst the specimens transferred to the Depart- 
ment by the Western Australian Museum authorities in 1908 were 
foiu: large fragments of rock with a label " Gypsum from Cliffy 
He€ul, Dongara." 

Upon these being examined by Mr. E. S. Simpson and myself 
at that time, traces of animal!^ remains were obsei'X'ed, and the 
material in which the bones were embedded identified as Lime- 
stone and Stalagmite, not Gypsum. The specimens were there 
fore laid on one side for furtlier examination. Subsequently 1 was 
instructed to examine the material, and as a result I have been able 
to extract a portion of the left lower jaw of a Sthenurus. The 
state of jireservation of the fo.ssil, the nature of the matrix, and 
the numerous inclusions of fragments of charred wood, twigs, and 
branches of trees, snail shells, together with the cast^ of leaves of 
Eucalypts, and the fact that the fossil is a Sthenurus occidentals^ 
cause me to state with every confidence that the specimens must 
iiave come from the Mammoth Cave, Margaret River, S.W. 

Most likely they are a portion of the collection m£tde by the 
Director of tlie Museum, Mr. B. H. Woodward, during his visit 
to the Cave in August, 1905. (1). 

T1h> specimen [10087! i>» somewhat damaged, but still it bears 
the socket and root of the incisor, the premolar p4 (2) and the first, 
togetlier with the anterior half of the second molar ml and m2. 

Measuremknts. , 
Tlie following nieasiu*ements are possible : — 
The Teeth, — p4 length (crown 12-5 m/m) 14*5 m/m over all 
Width of fore lobe cutting 

edge . . . . ..7*5 

Width of hind lobe cutting 

edge . . . . . . 9 

ml. length of crown .. 10* 6 

Width of fore lobe cutting 

edge . . . . . . 8 • 5 

Width of hind lobe cutting 

edge . . . . . . 9 

m2, length . . 

Width of fore lobe, cutting 

edge . . . . . . 9 



\o\ ^r^'I^'^^^'L^^^'' ^^'••^- Wu«pum, Vol. I., part 1, p. 10—1910. 
In which it riL^v'i ""^ ^-PiT"?"^* '" ""^^ ^" ****" l\T\t\9,h Muspura (N.H.) is adoptf'd, the maimer 
n Which it dlffPrs from that proposed hy Prof. Owen has already been referred to. 



63 

The Mandible— 

Depth of mandible in front of p4 about . . 36 m /m 

Depth of mandible behind p4 .. .. 31*5 

Thickness under p4 . . . . . . . . 15 

The anterior dental foramen (1), 3Jm/m in diameter, is situated 
about Sm/m below the diastemal edge, and slightly in advance of 
p4. The length of the diastema, which is imperfect, would be 
about 22m /m. 

Description. — The premolar (p4) differs somewhat from the 
corresponding tooth of the type of the species ; the most im- 
portant feature is the presence of a small cusp or tubercle on the 
inner half of the anterior aspect of the tooth. The suggestion of 
a similar process is seen on the premolars of some of the mandibles in 
the W. A. Museum Collection. 

The foldings of the complex transverse ridging on the bro£td 
working surfaces, which occupies the posterior portion of the crown, 
is rather more complicated, perhaps due to the 'state of wear 
of the tooth, but more likely an individual feature, for the examin- 
ation of all the premolars of S. occidenialis which I have been able 
ito examine shows slight variations in the arrangement of these 
folds. The vertical fold in the enamel at the intero-posterior angle 
is so worn that all but the base of the conical pit has been removed. 

The outer aspect of the tooth is very jiimilar to that of the 
type, but the inner one bears traces of two or three rudimentary 
vertical folds, just beneath the posterior portion of the crown, 
which are not to be seen on the type. 

Tlie Molars. — The first molar (ml) is very much worn, the 
summits of the outer extremity of both fore and hind lobe are so 
worn that in each case the dentine is exposed. The ornamentation 
of the teeth is as in the type, with the addition that the vertical 
folds on the hind surface of the hind lobe of ml rise from an 
arched post^basal ridge which, though slight, is quite distinct (f), 
and that though this animal was considerably older than the 
ty{>e at the time it met its death, the vertical folds on the outer 
aspect of the " externaV incumbent fold on the fore lobe, which 
sweeps round to form a shaq) ridge along the anterior talon of 
the tooth " can be seen with the aid of a lens. These folds are 
not very prominent in some 8j>ecimens, and seem to be soon 
worn away — they are excei)tionally distinct on the second molar 
of the specimen in the departmental collection, and have been 
recognised on the type specimen (2) since it was described. 

The Ramus is very strong, that portion which is preserved 
has the same thickness as the type, but the depth is somewhat 
greater, both before and behind p4 due. no doubt, to the greater 
age of the animal (3). The exposed root of the incisor enables 

(t) In my examination of the type spocimen I could And no trace of any post- 
bMal lidge on ml. 

(1.) Prof. Flower has designated this foramen the mental foramen, gee Osteology of 
the Mammalia. 

(2.) See ante p and Records of the W.A. Museum, Vol. I., part 1, p. 36—1910. 

(3.) This increase in depth of the ramus as the animal ages is a common feature 
vrlth the Macropodidn^. 



64 

one to gue.-itf the length of the dieistema which, had it been perfect, 
would have hswl the same extent as in the type. The state of the 
fractured inner surface at the root of tlie incisor proves that the 
symphysis was anchylosed. 



The discovery of this specimen is interesting, as it helps to prove 
that the features seen and recognised upon the type of the species 
as points of difference are not merely individual variations, but 
characteristics of a group of animals — a distinct species of Sthenums. 
The presence of the vertical folds on the outer aspect of the ex- 
ternal incumbent fold on the anterior lobe of everj' molar of this 
species yet examined is an important additional feature peculiar 
to S, occidental is. 



EXPLANATION OF PLATES. 



Plate X. — The united rami seen from abo\^. 
Plate XL — Exterior aspect of left ramus. 
Plate XII. — Interior aspect of same. 
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Sieal Survey Bulletin 36. 



Plate X 




Sthenurus oecidentalis (Glauert) X %. 
The unite* I rami seen from above. 
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Geological Siirve^^ Bulletin :^6. 



Plate Xr. 




«.B. 36-3. 



Sthenurus occidcutalis (Glauert) X '74. 
Exterior aspect of left ramus. 
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(ioological Survey Bulletin 36. 



Plate XrC. 




tSlhi'HUiUs oa i(l( sitali.s ^^Cilauert) a 
Ir.lvMiin* ::s|)(M't of loft ramus. 
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v.— A List of Western AustralUin Fossils 
(systematically arranged), 



LUDWIG GLAUERT, F.G.S., 
FMd Geo/ogist 



General Introduction. 

This list is an attempt to catalogue all the Western Australian 
Fossils that have been collected in the State up to the end of 1908. 

Whilst every care has been taken to make it as complete as 
possible, it is felt to be far from perfect owing to the vagueness of 
some of the localities, the uncertainty of various names, and the 
disappearance of many of the specimens. 

Although Western Australian Palaeontology in still in its infancy 
several attempts have been made to catalogue the forms then known. 

Tn 1870 Chas. Moore compiled a list of the Mesozoic Fossils 
(vide Q. J. G. S., Vol. XXVI., 1870, p. 232), which was the authority 
for Mr. Etheridge's " Catalogue of Australian Fossils " of 1878 — 
as far as the Western Australian Fauna was concerned. Some five- 
years later W. H. Hudleston gave a list of the Palaeozoic Fossils 
that had been submitted to him for examination and description 
(vide Q. J. G. S., Vol. XXXIX., 1883, p. 590). The next list com- 
piled w€ks that published in the Annual General Report for 1890, 
by Mr. H. Page Woodward, at that time Government Geologist. 
This was the first attempt to classify all the Western Australian 
Fossils, and is the most comprehensive Catalogue that is known 
to this Department at the present time. In order to show the 
advances made in Western Australian Palseontologj' since that date, 
all the species then recorded are prefixed with the letter " W " 
in the following pages. Since 1891, untabulated lists have ap- 
peared in the following Government publications and in the pre- 
sidential address. Section " C," Geology, at the Adelaide meeting 
of the Australasian Association for the Advancement of Science, 
1907, all over the signature of Mr. A. Gibb Maitland, the pre 
sent Ciovemment Geologist of this State. Although up to date, 
they do not claim to be complete or systematically arranged, and 
so do not fill the place that this present catalogue is intended 
to occupy. 



Bulletin Xo. 4.— The Mineral Wealth of Western Aastralia, 
Chapter I. 1900. 

Bulletin No. 26, part 7. — Recent Advances in the Knowledge 
of the CJeology of Western Australia, 1907. 

Year Book. — Western Australian Year Book (article " Salient 
(Jeological Features"), from Bulletin No. 4, 1902-4. 

\ It was the original intention to include all the Western Aus- 
tralian Fossils in this present list, but more careful investigation 
of the specimens and their labels show that almost all the Cainozoic 
examples were badly preservt*d casts, which did not permit an exact 
determinati(m. .-Vs it would be useless to include such vpry doubt- 
ful records, it was thought more advisable to confine the list to 
the Palapozoic and Mesozoie Times only, and to leave the Cainozoic 
and more recent examples till better |)reserved specimens came 
to hand, or circumstances permitt^»d more time being spent u|x>n 
them, St) that some definite result might be obtained. 

Again, the known fossil flora of Western Australia is so small 
and insignificant that it was considered the wiser })lan to confine 
it to a separate article. 

The plan adopted is to a great extent similar to that of Mr. 
Ktheridge • the animal remains are in zoological order (after 
Zittel). and occui)y the first iDiigitudinal subdivision ; in tlie 
second subdivision the localities are j>laced in geographical sec|ueiiee 
from North to South ; the third column is reserved for referenct*s 
to ))ublications. which are indicated by letters of tlie al[)habet. f^r 
page 73 (when the letters rejiresent works containing figures or 
illustrations of the .species they are printed in capitals): then fdllow-s 
the subdivision containing the names of the Musenms known to 
contain Western Australian Fossils, here the presence of a sj^eies 
is recorded by means of a x . As this list is designed '.'hiefly 
for use in this State it was considered an advantage to distinguish 
s]>ecies represented in the Oeological Oallery of the Western Aus- 
tralian Museiun by printing the names in a heavier type. SpeiMes 
exhibited in oth(»r Museums, and not in the National Collection, 
have their nauK-s printed in ordinary type, whilst the name of si>eci- 
mens that are recorded but cannot be traced to any colh^^tion 
are printed in italirti. 

In compiling this work the first Bulletin issued by the Dejwut 
ment. The Bib'iography of the (ieolog>' of Western Australia, by 
A. (libb Maitland. 1898, was freely used, and all it* references con- 
sulted wiierever ])ossible. 

For articles of later date, manuscript not'^s made by the (unem 
ment (Geologist were foimd of groat assistance. The Assistant 
Keeper of the (Jeological Department of the British ^luseuui 
{Natural History), the Assistant Secretary of the Geological Society 
of London ; the Directors of the Western Australian Museum ; 
the Australian Museum, Sydney ; the National Museum. Mel 
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bourne ; the Public Library, Museum, and Art (Jallery, Adelaide ; 
the Museum of the Geological Survey of New South Wales, Sydney ; 
the Curator of the Bath Museum (England), and the Department 
of Agriculture and Technical Instruction, Dublin, have given 
useful and valuable information which is gratefully acknowledged. 

The task has proved most interesting and instructive to me, and 
has suggested many problems and possibilities, so that it is hoped 
that in the near future it may be possible to amplify the present 
list. 
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PART I. 

r\L.i:()zoic F0SSIL.S. 

The greater port ''on of Western Australia consists of Igneou> 
or Metainorphic roeks of great anti(|iiity, but in the " Kimberley>/* 
the " North-Wej-'t " to the *' (Jascovne," large stretches of covintry 
consist of Palapozoic Rocks which have been recognised by ini'-^t 
competent authorities as being chiefly of Carboniferous Age. A 
strip, running down between the Darling Ranges and the coast, 
is met with in the Victoria District, and may possibly be ex]>cscd at 
BuUsbrook, near Midland Jimction, and further South along the 



b€L-$e of the Darling Ranges, but of this no definite Paleeontologica 
evidence has yet been discovered. Still further South the Collie 
Coal Basin is the extreme outpost of the beds of tlus coal-bearing 
age so far as is yet known. 

As regards Devonian Rocks, there is but very scanty informa- 
tion. Hardman (1) recognised Devonian strata in the Kimberley 
area and obtained fossils which are true Devonian types 

In 1906, Mr. H. P. Woodward, in the course of an extended 
trip in the West Kimberley District, collected a number of speci- 
mens from the Barker Gorge in the Napier Range, which London 
authorities have classified as of undoubted Devonian age. 

Some of the older ^^Titers, Hudleston, etc., determined possible 
Devonian forms from the " Getscoyne " and the " Irwin" localities, 
which the latter researches of this Department have failed to verify. 

Rocks of greater antiquity are present in Western Australia, 
for Hardman obtained undoubted Cambrian fossils from Kim- 
berley, but our knowledge is very restricted ew it is not even definite- 
ly known where Hardman collected his specimens. It is also sup- 
lK>sed that the Stirling Ranges in the extreme South of the State 
are Silurian and, according to Hardman, that Lower Silurian, or 
Cambro-Silurian strata, are exposed in the country he examined in 
the North. It is needless to enter more fully into the matter here 
as all information can be obtained from Bulletin 26, part 7. of 1907, 
where the Government (Teologist goes into the Geology of the State 
in detail. 

The lithological character of the Palaeozoic rocks is not striking, 
the Carboniferous representations are mainly grey crystalline lime- 
stone with occasional ironstained areas, but associated with these 
are carbonaceous and micaceous shales, sandstones and conglome- 
rates, as well SLR (Macial beds and series of volcanic lavas and ashes. 
The Nullagine Beds may be either Cambrian or Devonian : they 
are not Carboniferous. The Devonian Beds are mostly prey lime- 
stone>, whilst the older Palaeozoic strata consist cliiefly of more or 
less altered sedimentary rocks and crystalline limestones. For 
further information in this connection reference may be made to 
the publication of this Department, to which attention hew just 
been drawn. 

In the following portion of the list the pages have been divided 
into four main columns, as explained in the Introduction. 

Lornlitf/. — Roughly speaking there are four chief districts, 
Fvimberley. Gascoyne, Irwin and Collie. Of these, the second i* 
subdivided into the Valleys of the Lyons, Wyndham, (Jascoyne, 



(1.) Hardman: "Rpport on the (Joologvof the Kimberley Distrlrt " (two reiKirt-*), 
(lated 1884 and 1885. 
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and WooranieljRivers ; whilst the third is split up into Trvvin River 
Coal seam and Mingenew. 

It has been thought advisable to consider Mingenew as one cf 
the more important sections, as it is chiefly there that fossils homo- 
taxial with the Permo- Carboniferous of the Eastern States have 
been obtained. (1.) 

(1.) Vide (i.S., W.A., Bulletin No. 27, i^Re 19. 
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PART II. 



Mesozoic Fossils. 

Rocks containing animal remains of Mesozoic age cover a fair 
l^ercentage of the sedimentary area of the State. The beds consist 
for the most part of yellowish, reddish, or brownish ferruginous 
sandstones, occ€«ionally containing a large amount of calcareous 
niatter, and even passing into yellowish limeotone bands that are 
liighly crystalline and full of fossils, all showing a typically Jurassic 
facies. Naturally the sandstones, though often very fosaiJiferous, are 
not remarkable for the good state of preservation of the animal 
remaiiLs they contain. Still, niunerous excellent specimens have 
been obtained by the officers of this Department and have been 
incorporated in the Geological Survey Collection, now on exhibit 
in the Geological Gallery of the Western Au.stralian Museum. 

One of the earliest geological observers in the colony, F. T. 
Gregory, reported the presence of the Cretaceous strata near Gin Gin, 
in the form of chalk, and records the collection of Ammonites, etc., 
from the beds, thus gi^^ng them a truly Mesozoic facies. Subse- 
(juent authorities seem to have placed little faith in this discovery, 
reported in the Q. J. G. S., Vol. XVI. 1861. pp. 475-483, especially 
as one of the Lamellibranchs (Pelecypods) was found to be a truly 
Jurassic form. Trigonia Moorei (Lycett). There seems little doubt, 
/lowever, that these beds are homota>ial with the Cretaceous of 
Euro])e when the whole of the known Ginsrin fauna is considered. 
iVide Article VIII., p. 115, et. seq). 

In this portion of the list, the same general j)lan adopted in 
Part 1 has been followed, but it has been thought advisable to intro- 
duce a colunm for doubtful or vague localities which are distinguished 
as under : — 

** Western Australia " . . . . 1 

Champion Bay . . . . . . 2 

Gascoyne River District . . . . 3 
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VI. -Western Australian Fossil Plants, 

BY 

LUDWIG GLAUERT, F.G.S., 

Field Geologist. 



As explained in the general introduction the fossil flora of 
the State is very scanty, still it has been the cause of a good deal 
of discussion from time to time, as may be gathered from the Intro- 
duction and Historical Sketch in the Glossopteris Flora (1) by Mr. 
E. A. Newell Arber, of Cambridge University, and from several 
of the Bulletins issued^by this Department. (2). 

The Collie plant- remains were originally considered to be of 
Mesozoic Age, as explained by Mr. H. P. Woodward, in the Annual 
General Report for the year 1890, of the Government Geologist 
(page 40). A Uttle later the late R. Etheridge, F.RS,, determined 
them as Permo-Carboniferous, basing his opinion on the specimens 
submitted to him for examination In 1897, Mr. E. F. Pittman, 
the Government Geologist of New South Wales, classed them as 
Mesozoic in consequence of "Mr. R. Etheridge's (junr.), doubtful 
recognition of Sagenopteris/^ On the other hand, in 1898, Sir 
Frederick McCoy reported the determination with certainty of 
Glossopteris Browniana (Brong), and stated that the beds were of 
" the exact geological age of the great Coftlfields of Newcastle in 
New South Wales." Dr. Jack, during his investigation, as Royal 
CommLsrfionor, of the Collie Coal Industry, in 1904, came to the 
conclusion that the beds were of much later date, ^Titing " I am at 
present inclined to believe that * the Collie Coalfield will turn out 
to be possibly of Cretaceous Age. . . .' " (3.) In the following 
year, Mr. F. Chapman, of Melbourne, after examining some 
specimens in the Collection of the National Museum, Melbourne, 
identified five species of Glossopteris, as well as the following 
Foraminifera whose range in time is as under : — 

Name. Range in Time. 

Endothyra, sp. . . . . . . Carboniferous Limestone 

Valvulina plicata (Bratly) . . L and U. Carboniferous 
Bulimina (?) «p. Pernio-Carbonif. of N.S.W., 

Triassic to Recent 
Truncattdina Haidin^jeri ^ D' Orb ) * Pormo . Carboniferous 
Pulinnvlina c.f. exujua (Brady) ((Jeniis) Lower Lia<^ to 

Recent. 



(1.) Catalogue of the Fossil Plants of tho (ilofwopttTis Flora in tlie Department of 
CJeology, British Muapiim (Natural History), l^ndon 1905. 

(2.) Bulletin G.S., W.A., 26. p. 58 et. seq.. Bull. 27, articles 1 and 2, 1907. 
(8.) Report, of the Royal (V)mml8«ion on the Collie Coal Field, 15 p. 7—1905. 



108 

Although the two doubtful forms may belong to more recent 
beds, tlie spec^ies determined with certainty are typically Carbon- 
iferous, the whole Heries ** point in a general way to the Palaeozoic 
(Permo- Carboniferous) Age of the series in which they were found." 
Since that time, no conflicting evidence has come to hand, so 
that in spite of the peculiar lithological character of the beds there 
seems little if any doubt about the age of the Collie Coal Seams, 
and their associated fossils. (1). 

Though the known Palseozoic flora of the State is scanty, that 
obtained up to the present from the Mesozoic beds is much more 
so. Before the s|>ecimens described by Mr. Newell Arber in this 
Bulletin were found, the discoveries were limited to badly-preserved 
fossil wood, similar to the pieces referred to by Mr. Arber on page 
27, so that the determination of even the one species, Otozamites 
Fcistmanteli (Zigno), is a great advancement, one which suggests 
that the locality near Mingenew may yield a good harvest at some 
future time when it is possible to make a prolonged and systematic 
search in the beds, whence these few plants were obtained by Mr. 
W. D. Campbell, in 1908. 

References. — The plan adopted in the list of the foesil fauna is 
continued. 



(1 ) OlonopUrit Is a genus of ferns which is looked upon as being not younger 
than Triassic or Rhoetic, E. A. Newell Arber, loe. eit. 
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VIL—JSIew Fossils from the J^apier Ban^e, 
Kimberley, 

BY 

LUDWIG GLAUERT, F.G.S., 

Field OeologlMi, 



During Mr. H. P. Woodward's visit to the Kimberley area in 
the year 1906, with a view of reporting on the Narlarla Hills, he had 
an opportunity of collecting a few fossils which have proved to be 
of great interest and importance, on account of the light which they 
shed upon the exact age of large tracts of country, and the bearing 
they have on the Geological Maps of the district, as interpreted 
by the late E. T. Hardman and Dr. R. Logan Jack. These two 
authorities considered the Napier Range to consist of Carboniferous 
beds only, with a bed of conglomerate at the base of the series. 
This " basement conglomerate " mainly consists of fragments of 
the older igneous and metamorphic rocks and appear to greatly 
resemble the " Basement Conglomerate " so oft«n found under the 
Carboniferous Limestone, etc., in the British Isles, and considered 
to be of Carboniferous age. 

From Mr. Woodward's results, howe\er, it is evident that the 
conglomerate is truly Devonian, and that most likely in Western 
Australia it is the basal bed of the Devonian strata, and not of the 
Carboniferous. 

Perhaps at this juncture it is advisable to quote Mr. Wood- 
ward's account of the beds a« exposed in tlie Barker (4orge — a 
gorge cut through the Range by the Barker River in its course from 
the King Leopold Ranges to the Meda River and tlie Sea. Mr, Wood- 
ward writes as follows : — 

" The Napier Range consists of a series of crj'stalline limestone beds which 
strike in a north-westerly and south-easterly direction and dip at 
an angle which varies from 12 to 23 decrees to the south-westward. 
These beds present the usual character of the Palaeozoic limestone 
of this State, viz., they consist of a series of thick solid crystalline beds 
of a grey colour interbedded with soft calcareous bands of a more 
ai^illaceous character, whilst the bavsement beds consist of calcareous 
breccia and conglomerate, the enclosures in which consist of masses, 
fragments, boulders or jiebbles of schist, granite, and quartz derived 
directly from the crj'stalline schists, granites, and greenstones upon 
which they rest. This range, which rises to an elevation in places to 
400 feet above the adjoining plain from which it rises abruptly, is 
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fairly riddled with caverns and has been intersected at one or tva 
points by watercourses which have cut deep gorges through it, 
varying from 2 to 4 miles in length. 
"In the gorge formed by the Barker River (142° 43' E. long., 170° Ul' S. 
lat.), one of the tributaries of the Meda River, a fine section of these 
limestones is exposed dipping beneath the sandstones and shales 
which form the plain to the south-westward and have provisionilly 
been classed as Upper Carboniferous. ♦ 
** Some little time was spent in searching for fossils in the softer beds abov^ 
mentioned, but without success. Just before my departure, however, 
some red coloured limestones were discovered in a small branch piHv 
upon the south side of the Gorge and near the base of the series » 
which proved to be full of organic remains. Owing to their hardness 
however, forms could only be identified upon the weathered surfaces, 
and since my party had already started I was only able to carry sway 
as many as my pockets would hold.'* 
These specimens were in due course forwarded to the British 
Museum, London, for identification by the officers on the staff of 
that Institution. On the 16th of March, 1908, Dr. Henry Wood- 
ward, F.R.S., the late Keeper of the Geological Department, k- 
turned the fossils, writing as follows in his covering letter of the 
same date : — 

" I now return the specimens, with such information as I have beea 
able to collect concerning them." 

[6923.] 1.— The fish bone with " berry "-like sculpturing 

(F327) upon its surface must be referred to a large 

Devonian fish (new to science) allied to Coc- 
costeus, but the specimen in not sufficient to 
determine accurately its relation to the 
skeleton. 

[6928.] 2. —Tail of a Trilobite genus — Proetus* a new species. 

(F334) 

[6928a.] 3. — Head of a Trilobite (part of same sjiecimen) (•) 
(F'33r)) and counterpart of tail. 

[6926.] 4. — Crinoid stem (?) also remains of a gasteropod 
(F331) shell seen in section, Loxonema ep. (?) 

[6929.] 5. — Imperfect specimen of a gasteropod, in ^te 
(F33H) spar. Euomphahis sp. (?). 

[6925,] 7.— A Rhynchonella, nea,r to R. (Uncinidus) Timo- 

(F'329) rensis Beyr. and Pachypora ap. on same block. 

[6924.] 10. — A coral, PhillipsastrcBa sp. 

(F328) 

[6925a.] U.— Pachypora ttp. {see [6925], above). 

(F330) 

[6927a.] 13. — Two crinoidal stems (no* determined). 
(F333) 

[6927.1 

(F332) 



14.— A. 
B. 



Crinoidal arm 
Ooniatitps sp. 

See Hardman'R 1884 Beport, pages anu 10. 



on same block. 
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"I am sorry to offer you such poor determinations, but (although the 
rock is full of fragments) the specimens are very imperfect and 
obscure, the small Brachiopod, the pygidium (tail) of the Trilobite 
and the coral, PhiUipsastroia, being the only clearly preserved ones. 
The (acies of the fauna, especially the fish plat« Coccosteus {c.f.\ is 
undoubtedly Devonian." 

On an enclosed slip Dr. Woodward writes : 

•'The matrix and the fossils agree closely with the Devonian of Adorf in 
Waldeck, Germany, see E. Halzapfel, * Die Goniatiten-Kalke von 
Adorf in Waldeck.' Palaeontographica Bd. XXVIII., Lief. VI., Jan.. 
1882, pp. 225-262, pis. XLIV., (I.), XLIX., (VI).'* 

Two other enclosures are of interest, being letters from Dr. 
A. Smith Woodward concerning the fish remains. On the 25th 
of March, 1907, this authority writes : 

•* The Western Australian Fossil looks remarkably like a piece of a large 
Devonian Coccostean, hitherto unknown in the Australian Region, 
but it is not good enough for exact determination. I will try a 
fragment imder the microscope to discover whether the tissue is true 
bone." 

Again, on the 25th of the following month the same gentleman 
:gives the following information : — 

" I have compared this bone again and am sorry it is too imperfect to 
determine from its shape its true nature. The texture and the 
ornament agree more closely with those of Coccostean fishes than with 
any other. I therefore think the new fossil belongs to one of the 
armoured Devonian fishes such as have not hitherto been satisfactorily 
determined in Australia." 

It will be thus seen that competent opinion is agreed upon 
tlie age of these red limestones being Devonian, in fact, not the 
slightest suspicion is expressed by Dr. Woodward in his letter as 
nothing could be more definite than his assertion. 

If we regard such genus represented separately we notice that 
-the f acies is as follows (1) : — 

Genus. Distribution in Time. 

1. Pcichypora sp. . . . . Silurian to Devonian. 

2. PhiUipsastrcea sp, . . Devonian and Carboniferous. 

3. Rhynchondla ( Uncinvlus) Devonian chiefly. 

4. Ettomphalua sp. , . Silur. Dev. Carbonif., Perm., 

Tria.s. 
5- Loxonema sp. . . Silur. Dev. Carbonif. Perm. 

Trias. 
6. Goniatites (Glyphioceras) Devonian and Carboniferous. 
7- c./. Coccostcus . . (Coccostean fish) Devonian only. 

On analysis it is apparent that the faries is most decidedly 
l^evonian. We have one form, the Coccostean fish, which is abso- 
lutely confined to that age ; one genus, Pachypora, which becomes 
extinct before the Carboniferous, a coral, I*hiliipsastraia, which, 

" "" (1.) Fids 2lttel. 
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though present in Carboniferous rocks is most plentiful in the De. 
vonian, and a cephalopod, Ooniatites (Olyphioccras) that is equally 
abundant in Devonian and Carboniferous times. Ettomphalus 
and Loxonema though at their prime in the Carboniferous are plenti- 
ful in the Upper marine Devonian. The only possible exception 
is the RhychoneUa (Vncinidua) c.f. Timorenais, but this loses its 
weight when we remember that the specimen is not iderUi^xd with 
the Timor form but that it bears a great resemblance to that shell. 
and bear in mind that some of the Brachiopod shells living to-day 
in the seas off the coast of Australia, Great Britain, etc., can scarcely 
be distinguished from their ancestors found in some of the oldest 
fossiliferous beds of Europe and America. 

The existence of the true Devonian beds in Western Australia 
was formerly more or less a matter of conjecture, as the true De- 
vonian fossils were few and very far between, so that this confirm- 
atory evidence from the Napier Range is very opportune, and re 
fleets credit upon the authorities who determined the presence of 
Devonian beds when undertaking the pioneer geological work in 
this vast State twenty years ajL'o. 
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VITL—The Geolo^iocul A^e and Organic Remains 
of the Gtn^in '' Ckalh/' 

BY 

LUDWIG GLAUERT, F.G.S., 

Fie/d Geologist. 



The name ** Gin gin Chalk " has been given to a thin bed of 
\vhite chalky limestone that is exposed in various plewses in the 
vicinity of Gingin, * the best known being the summit of One Tree 
Hill, where the stone has been quarried for the manufacture cf 
lime and c?ment. 

The exposure shows a white chalk without flints, about la 
feet in thickness, which passes downwards into a greenish glauc- 
onitic marl and below that into a clayey rock. The character cf 
the beds is not at all constant, as the most easterly patches consist 
mainly of clay (block 127, South of Moonda Brook), the amount 
of limestone increasing to the westwards. In all the k^calities the 
presence of the beds can be determined by the exceedingly rich 
black clayey soil due to the weathering and disintegration of the 
rock, a soil which bears rich crops of gr8u>s or cereals, remarkable 
even in that good Agricultural District. The knolls on the flanks 
of Ginginup, or Sunday Hill, and on both banks of the Moonda Brook, 
as well as the outliers forming the crowns of One Tree Hill and 
Molecap Hill, are recognisable in this way, but where the beds are 
situated in an escarpment, or hill side, tlie debris from the over- 
lying ferruginous sandstone beds tends to obliterate this feature, 
thus rendering the tracing of the beds a matter of some difficulty. 
The largest exposure is on the western and southern sides of Ginginup* 
or Sunday Hill, and is several square miles in extent. As is usually 
the case in this district no good exposures or escarpments are visible, 
so that it is difficult to ascertain the dip and strike of the beds. 
Several small masses of limestone, which seems to be in sitUy wert^ 
noticed and, though the dip varied both in direction and amount, 
the general trend of the strata seemed to be horizontal. The rich 
black soil studded with fragments of limestone of all sizes was very 
conspicuous in the ploughed land and in the banks of the small 
gullies. 



Vidr Lan(Ls Dnpartmont 80 c-hain Lithojiraphs 28 and 31. 
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The One Tree Hill exposure is the best example, as the position 
is very prominent and is also conveniently situated. It has received 
attention from the industrial world, as for some years the " chalk " 
has been quarried and burnt for lime in the two draw- kilns close at 
hand. Although the quality seems to have been excellent, the time 
required for " slaking " was considered detrimental by builders 
and contractors, so that the industry had to be abandoned for the 
time being. 

The quarry however, is of special interest, as it presents, we 
may say, the only clear section of the beds. Under a layer of soil 
and subsoil, averaging about 12 inches in thickness, there is a band 
of white, rather crumbly, limestone almost free from impurities 
and containing no fossils ; measuring about 18 inches. This is 
followed by a " chalk " which becomes richer in alumina and silica 
as it is followed downwards, till finally at about 15 feet below the 
purer limestone it resembles a greenish glauconitic clay. 

The large Lamellibranchs are found in the upper portion of the 
main bed, and seem rare or entirely absent in the lower strata, where 
dwarfed Corals, Brachiopods, Lamellibranchs and Gastropods, as 
well as numerous Serpulse and Echinoderm spines represent the 
remains of the animal life of the day, which appears to have been 
very advereely influenced by the muddy, if not turbid, water in which 
the creatures were compelled to pass their existence. 

The fossils which were obtained during a visit (June, 1909), 
have not yet been subjected to careful examination owing to the 
lack of time, still, amongst the new records are Corals and Gastro- 
pods, as well as a species of Serpula very different from the involute 
form so plentifully represented in all the collections of (Jingin fossils. 

In this locality the beds have a slight northerly dip of eight or 
nine degrees. 

The bow formed by the Gingin Brook before being joined by 
the Moonda, partly encloses another mass that has similar character 
and rivals the One Tree Hill outcrop in extent. 

At the eastern edge of the patch on the Bindoon Road, two 
miles from Gingin Railway Station, an exposure in a gully shows 
the greenish-yellow glauconitic clay with two or three thin layers 
of limestone. Lastly, on the hillside east of Moonda, the clay is 
noticed in the channel of a gully without any trace of the limestone. 

The exact relationship between the " chalk " and the overlying 
ferruginous sandstone and the underlying variegated clay or shale 
could not be definitely established as no section was to be seen, 
still, the general character of the beds in the district suggests the 
absence of any unconformity, although it must be noted that a 
bed of sandstone below the lime-kilns on One Tree Hill had an 
apparent dip of eight degrees south, which may be due to settling 
after the removal of the underlying clay by the rein, etc. 
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The follo\%'ing section 
shows the probable course 
and distribution of the 
various beds proceeding 
from the flats below Gingin 
through One Tree Hill to 
Ginginup and tlie Darling 
Range in a N.N.W. direc- 
tion. 

The presence of a bed 
of chalk in Western Austra 
lia has been known for over 
50 years, Gregory's mai> of 
1860 * shows two patches 
of " chalk and sandstones 
containing flints and Cre- 
taceous fossils" ; they are 
situated at Gin Gin and 
Yatheroo, and measure, 
roughly speaking, eight by 
five miles and six by three 
miles respectively. This maj> 
was exhibited at a meeting 
of the Geological Society t<y 
illustrate a paper by F. T. 
Gregory on the Geology of 
the Colony, and was subse- 
quently printed, t In the 
paper Gregory states : 

" The Cretaceous (?) are the 
most extensively developed 
of the sedimentary rocks of 
Western Australia, and are 
almost exclusively silicious 
in character, containing only 
a few bed^ of chalk of verj' 
inferior quality." '' They 
abound however, more in 
fossils than the Carbonif- 
erous do. and, with the 
exception oi the recent 
coast Umestone**. more so 
than any other formation. 
Flints are rarely found in 
them." " The bed of the 
(ireenough River is the 
best spot for procuring 
specimens, although a few 
are found in the chalk hills near Gin (lin (Echinoderm spines, etc.)" 

* (loncral outlines of the (leoloirv of Western Australia, compiled by F. T. GreRorv, 
F.R.O.S.— 1860. Published in 1861 by John Arrowsmith of London. 

t On the (JeoloKy of a part of \Veat<»m Australia. Quart. Jour. Geol. Soc. (London), 
1861, Vol. XVI. pp. 475-483. 
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These remarks are of interest, as they show that Gregory con- 
sidered the Gingin Chalk to be Cretaceous in age, and very closely 
connected with the Jurassic Beds of the Greenough River. That 
the -.8 latter are thought to be Cretaceous is confirmed, firstly by 
his map (1), and secondly by the fossils which ho presented to 
the Geological Society being classed by him as Cretaceous (?). 

Mr. C. Moore examined these fossils and found them to consist 
'* of a single cast of Trigonia Moorei, Lycett, and a very much worn Pecietif 
of uncertain species, both evidently of Oolitic age. They were accom- 
panied by a Ventriculites in flint, a portion of a chalk Ammonite, and 
also by a considerable number of specimens of the age of the Car- 
boniferous Limestone," 

In the paper on " Australian Mesozoic Geology and Palaeon- 
tology," (2) from which the above quotation is taken, Mr. Moore 
also refers to the " siliceous cast of a Micraster from the Chalk '' in 
a set of fossils forwarded by Mr. Shenton. 

Mr. H. Y. L. Brown in his general Report of 1873, writes as 
follows on page 13: — 

'* The white chalky limestone of Gin Gin, Yatheroo, and Dandarragan, 
which outcrops from beneath the sandy soil of these localities in 
patches, most likely is also of Mesozoic age. As yet, owing to the 
surface accumulationis of sand, etc., which hides it from view, no 
sections are to be seen which show whether it is over, or underlies the 
ferruginous rocks of the District." 

A Geological Map of Western Australia * was issued to show 
the work done from August 1870, to June, 1872, by Mr. H. Y. L. 
Brown, who was the Government Geologist during that period. Upon 
this map the three patches of " white limestone " referred to above 
are shown to be approximately of equal area, measuring about 
seven miles by six miles. 

In the year 1903, Mr. E. S. Simpson paid a short visit to the 
locality and examined some of the outcrops. In the quarry on One 
Tree Hill he obtained some fossils which were forwarded to Mr. 
R. Etheridge, Curator of the Australian Museum, for examination. 

His conclusions upon these fragnu^ntary and badly preserved 
specimens are given on page 38 of Bulletin Xo. 27 t» a^^d are new 
quoted in full. 

Fossils from Chalk Pit One Tree Hill, Gingin. 

[6551.] — Chert ? semi-stalactitic. 

[5552.] — Ostrea, allied to O. vesicidaris, Lamk. 
(F238) 



(1.) In a section taken from this Map as shown a«» fig, 2, on pago 477 of Vol. XVI. 
(1861) of the Quarterly Journal of the (Teological Society, the Carboniferous beds of tho 
Kennedy Range are classed as (^retaceous (?), the true relfltion«»hip of the beds is shown 
by Mr. A. Gibb-Maitland the (iovernment fJeologist in fig. 6, page 15 of Bulletin >'o. 33 — 
1W9. 

(2.) Quarterly Jounml of the Geol. Soc. liOndon. Volume XXVI., ]>age 227, 187(i. 

(•) Printed by H. (J. deGruchy, * Co. Melbournr — no date. 

t Palarontological Contribution to the (ioology of Western Australia, 11. — Bulletin 
No. 27— Perth, 1907. 
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[5558,] — Crushed Brachiopod, possibly a Magellanic. 
{F239) 

[5554.] — Terebratulina (?) This is qmt^ distinct from any 
(F240) other described Australian Tertiary Brichiopod, 
and if examples can be obtained, showing the in- 
terior, is worthy of description. 
[5555.] - Serpulay quite undescribed as an Australian form. It 
(F'241) is allied to the European Tertiary Serpula. S. 
Bognoriensis. Specimens are retained for descrip- 
tion. 
[5556.] — Spines of two species of Echinids PkyllacarUhuB^ 
(242) spines belonging to species of this genus have been 

found in the Tertiary beds of Willunga, S.A. 
[5557.] — Portion of the shell of the Bivalve Placunanomia, 
(F243) Could a more or less perfect example be procured 

it would be worth description. 

*' The fossil* from One Tree Hill Chalk Pit are certainly not older than 
Tertiary, but the evidence is* of too limited a nature to enable me to 
suggest any horizon within that great formation, but I sus[)ect the 
deposit must be well up in the seriep ; for the sake of a name, and until 
more is known, call it Upper Tertiary. The condition of the fosail 
is not one that lends itself to accurate determination, but the Tert- 
bratulina (?) Serpula and Placunayiomia certainly seem to be new, 
and if additional specimens of the first and last can be obt^iined tiie 
whole are worthy of description." 

It will be noticed that Mr. Etheridge remarks upon the veri' 
unsatisfactory state of the few fossils submitted to him, and there 
is no doubt that if the associated fossils obtained from the same 
quarry at various times and |)resented to the Western Australian 
Museum had been sent to him with those of the Survey collection, 
he would have come to very different conclusions ; that is to say, 
he would unhesitatingly have cliussed them as Cretaceous. 

The Palaeontological Contribution to which Mr. Etheridge's 
determinations form an introduction, is a list and description of 
Gingin Chalk Foraminifera. Thirty-seven species of these small 
organisms are described, eight of which are practically, if not 
entirely, confined to Cretaceous beds in the other parts of the globe. 
On the other hand only four species (one of them doubtful) are 
peculiar to the Uj)per Tertiaries. whilst 27 are known to have 
existed in Cretaceous times. 

These facts struck Mr. Chapman of the National Museum, 
Melbourne, for in a letter to the Government Geologist under the 
date of February 22nd, 1908, he writes: "Mr. Howchin's list of 
Foraminifera from Gingin interests me very much, and / cannoi 
help concluding from the etndenx^e of tJiat group alone, that the deposii 
is decidedly Cretaceoufi/^ 

In order to place the matter more clearly, and as an assistance 
for future reference, these Foraminifera are given in tabular form 
together with their distribution in Geological Time. 
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In the Greological Survey Museum there is an interesting suite 
of fossils which were presented to the Western Australian Museum 
in 1897 by Mr. W. R. Philbey ; though not in good condition, the\' 
are sufficiently well preserved to give an insight into the age of the 
Gingin chalk beds in which they were found. They comprise 
examples of various groups oC anin(ials Echinoderms, Woiws. 
Brachiopods, Lamellibranchs, Cephalopods, and a Shark's tooth.* 

Serpula sp. cf. S. (F.) concnva (1) Sowerby [10091]. By 
far the most plentiful are splendidly preserved Serpulce, animah; 
which seem to have found congenial surroundings in that 
part of the Ocean where this bed of Chalk was forming. The 
numerous specimens plainly show that there was a certain amount 
of variation in the shape which the coiled tube assumed. One form 
may be described as discoid, involute, with a portion of straight 
tube ; almost flat on one side and concave on the other, the innermost 
whorl (s) often wanting ; being the chief point of attachment to the 
foreign object. (2) The form at the other extreme has one side of 
the involute tube more concave and the other convex, or obtusely 
conical. The surfcuse of the tube shows the markings known as 
" lines of growth " but bears no other ornamentation ; longitudinal 
furrows or ridges which are to be seen on S. Bognoriensis (3) are 
entirely absent. A large umbilicus on the concave side, absent 
on the other (the side of attachment) owing to the manner in which 
the shell-matter has been deposited. Section of the tube circular 
both interiorly and exteriorly, the tube is thick in the older portions 
but thin at the natural opening, in this way differing from Stnverl^y's 
S. tumida. (4). 

The average dimension (diameter) cf the full grown individual 
is 16 m ''m a-cross the widest ]^art cf tlie mvolute portion, the largest 
I have seen, measuring 18A m/m. The number of whorls is four 
or five. 

I have compared the specimens with tlie figures and descrij^tions 
in the few works of reference to which T have access, and find that 
Sowerby's V. concai^a is the form most nearly approached by the 
Gingin shells. Sowerby describes his species, which is from the 
Greensand of Dilton near Westbury, England, as " discoid, in- 
volute, concave on one side, the last whorl but slightly attached." 
Below he states, " this is almost wholly involute with but a srnr 1! 
portion of straight tube, the surface is nearly smooth and even, tl (^ 
involute part is concave on one side only, the other being fla' . 



♦ These fonsils have been forwarded to Mr. R. Etheridge of the Australian Museum 
for detailed examiiiAtion. 

(1.) Sowerby's Min. Conch. (Vermirularia cancavn). Volume I., paae 125. pi. 57. 
fijjs. 1-5. 

(2.) In the quarry on One TreoTIlll, (Jingin, I have f»een specimens of the Serpula 
attached to frapnents of shell, but a? soon as they were handled they became disunited. 
ITic scare are p;enerally seen on the flat or convex side of the involute tube. 

(3.) Somerby's Min. Conch., Volume VI.. pane 194, pi. 5ftO, fins. 1-3. 

(4.) .Sowerby '.^ .Min. Con'h., Vol. I., page 12.'), pi. 596, fig. 4. 
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It seldom exceeds three-fourths of an inch in diameter, with 
about four turns.'* 

Sowerby's S. (Vermeius) Bognariensis to which Mr. Etheridge 
compares the Serpula, is described : * " Spiral portion conical, 
sub-discoid, concave beneath, tube obscurely five sided, with a 
furrow above and below ; the produced part cylindrical, slightly 
curved. The tube is more angular, and the whorls more numerous 
than in V. concava, to which it nearly approaches, but when the 
surface is worn it appears cylindrical." 

The (Hngin specimen differs to some extent from both these 
specimens, but seems to bear closer relations to them than any other 
form with which I have been able to compare it, so that it is un- 
necessary to refer to any other species. There are obvious differ- 
ences between the Gingin Serpula and S. ( F. ) concava., .such as the 
habit of assuming an obtusely conical form, the state of attach- 
ment of the last whorl and the thickness of the whorls, but I have 
no doubt that the shells are closely related. 

Among the specimens collected in June, 1909, I have noticed 
a small Serpula [8922] very like Sowerby's Serpula fluctuata (I) 
from the Chalk Marl. 

ECHINODERMATA. 

This group is represented by numerous spines [10092] of varied 
size and pattern ; the longei»t measures about 43 m /m, whilst the 
shortest would not exceed one- third of that length. In a general 
way they resemble the numerous muricated Cidarid spines plenti- 
ful in the white chalk and other Cretaceous beds of Europe. Mr. 
Etheridge refers the spines to species of PhyUacanthus in his short 
note upon some of the (xingin remains, (f) Numerous hexagonal 
plates, evidently- portions of the ttjst, were obtained in Jime last» 
and liave been submitted to Mr. Etheridge for examination. 

BR.A.CHIOPODA. 

The seven Bra('hi")])(Hla belong to three genera, as far as can 
be judged from the external characters. One specimen is large 
but tlic* others are small and delicate. 

Thc> hir^c shell [10095] measures 40 by 27 m /m, and bears a 
striking n'scinblance to the Tcrehratida biplicata (2) Brocohi, figured 
by Davidson as a variation of the species. It is possible that this 
shell is not from (tingin, for the chalky material filling the shell 
seems harder than tlie usual (iingin rock, and the state-of preser- 
vation of the shell is different. 

Two small shells [10094] with fine radiating costsB and concen- 
tric lines of growth uyK)n a shell showing a marked plication, are 

• Loc. cit. 

t Bulletin No. 27, pago :J8. 

(t.) Min. Conch., Vol. VI.. page 228, pi. 608, flj?. 5. 

(2.) MonoKF. Brit. Fos-sii BrachiopodA., Vol. I., part 2, pi. VI., fljR. ld-20. 
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'dentical with [5554] which Mr. Etheridge has determined as a ( ? ) 
TerebrcUulina. (1) 

Another group [10093] that has a smooth shell very finely 
punctate, but showing concentric lines of growth and possessing a 
slight plication, has been referred to by Mr. Etheridge as possibly 
a Magellania. (2) 

Two somewhat larger shells showing no plication have been 
classed provisionally with the above, under number [10098]. The 
limited number of the specimens and absence of all knowledge of 
the interior of the shell makes further investigation impossible. 



Pelecypoda (Lamellibranchiata.) 

Inoceramu8 spp, etc. 

After the Serpulce the most commonly represented shells are 
undoubtedly those belonging to species of Inoceramus, etc. [10096]. 

Almost every rock in this collection of Gingin Fossils contains 
fragments of the shell of this striking genus so readily distinguished 
by the prismatic fibres of the thick outer layer of the shell. There 
are also more or less perfect internal casts, occasionally with frag- 
ments of the shell adhering to them. 

The general outlines of the individuals and the structure and 
ornamentation of the shell are good indications of the genus to 
which these specimens have been referred, though the umbonal 
region and the hinge line are missing. There are some specimens, 
which in a general wav, resemble the /. pemoides from the Queens^ 
land Cretaceous, others which remind one of Sowerby's /. mytiloides ; 
McCoy's 7. Carsoni ; D'Orbigny's /. problematicus or Mr. Etheridge's 
I. dongatuSf all of which are referred to by Mr. Etheridge in his 
Palaeontology of Queensland. (3) Several specimens are like /. 
constrictus (Eth. fil.) (4) in form, but all are incomplete. 

There are remains, mostly fragmentary, of other Pelecypods. 
but they are unsatisfactory for purposes of identification, as im- 
portant portions of the shell are missing. 

It seems that the following genera may be represented. Psen- 
davicula, Ostrea, Oryphcea, Mytilus and possibly Glycimerw, and 
others (5.) 

See [10096], [10100] and [10103], under which numbers are in- 
cluded all the Pelecypods of the collection. 



ri.) Bulletin No. 27, pa«? 38. 

(2.) Lop. cit. 

(3.) Jack and Ethprldgo Oeol. A Pa!, ^f Qw^enftlani, pa^e 463. et neq. and phitoR. 

(4.) Queensland (}po>. Siirvny Bulletin No. 13. paae 24. plates II. and HI. 

(5.) A careful comparison of thr^s' gp •cimen» with the numerous lAme11ihranch» 
of the Older Tertiary of Australia, fl^ur.^d and describf»d by Prof. R. Tate in the Tran.«»ao- 
tions of the Royal So^ictv of South AiiHtralla, m'lv have important bearing upon the age 
and relationship of the strata. 
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Cephalopoda. 

In determining the ago of Mesozoic beds, the presence of 
Ammonites is of great value ; it is therefore satisfactory to be able 
to state that two genera are present [10101], [10102]; one of which, 
Crioceras, (?) is undoubtedly Cretaceous. The other genus is repre- 
sented by numerous examples, two more or less perfect casts of a 
large discoid Ammonite with somewhat inflated whorls. 

[10101.] The specimens are in a poor state of preservation, 
with most of the characteristics eitlier completely obliterated or 
rendered very indistinct. However, there are several points that 
can be distinguished. The whorls have an oval section, rendered 
lunate through their embracing the preceding ones, and are a little 
hiejher than wide, they show no signs of a keel and seem to bear a 
number of ribs which pass across the venter of the shell with a 
slight forward curve. There are no signs of tubercles, spines or 
any other secondary ornamentation. The greatest width of the 
whorl is at the highest point of the encroachment by the preceding 
one. The umbilicus is very indistinct, though most probably it 
was not very wide and rather deep and moderately steep. Faint 
and irregular traces of the suture lines are to be seen which, unfor- 
tunately, are too imperfect to be of any use. 

The following measurements were taken : — 

Large spn. Small spn. 

Greatest diameter of ahell . . 184 . . 90 

Great<>st width of umbilicus .. ? .. ?18 

Greatest height of outer whorl ?85 . , ? 

Greatest width of outer whorl . . 70 . . ? 

Another sj)ecimen consists of a small part of the suture line» 
most likely of an individual closely related to the above ; besides 
this there are two fragments of whcrls and a portion of the external 
<*ast that belong to shells of the same species as the preceding. 

Those remarkable Ammonities, which have received so much 
attention on account of the eccentricity of their shapes, are not want 
iiig, for as already stated, we have a portion of a whorl that seenx** 
to belong to a Crioccras identical with, or closely allied to the C- 
Austral is of Moore. (1) [10102]. 



Class Pisces. Sub Class Selachii. 

Vertebrates are also represented in the Gingin Chalk ; one o» 
the specimens in the W.A. Museum collection consists of the tooth 
of one of the Lanmidae [10104], This tooth, which has a length of 
25 m/m, a width of 8J m /m at the base, and a maximum thickness 
of about 6 J m/m, is Orfon/a,9;H'.9-like in shape, but at the same time, 

(1.) C. Moore, Aiiatrallan Mesozoic Geology and Palaeontology, Q.J.O.S., VoL 
XXVI., 1870, p. 257, pi. XV., flg 3. iw, ^ , 
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instecKl of the crown being curv'ed in the usual manner, it is very 
faintly sigmoid as in the Mesozoic Orthacodvs. It is evidently a 
remain of one of the earliest members of the great shark family, 
now so plentifully represented in Australian waters, and may be 
the earliest record. The conclusion arrived at by Mr. F. Chapman, 
of Melbourne, when he saw Mr. W. Howchin*s list of the Foramini- 
nifera from Gingin, namely that the beds were of Cretaceous age, 
is confirmed by the collection of Gingin Fossils. The Serpida, 
Psevdavicida, Inoceramus, OrypJioea, and the Ammonities have a 
most decided Cretckceous aspect and, though Paeuadvictda and the 
two genera of Ammonites have not been recorded by collectors 
subsequent to 1897, as far as is known by the Department, there is 
no reason for doubting that they Cffe obtained from the quarry on 
One Tree Hill. 
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PREFATORY NOTE. 



The field work ou which this report is based was undertaken in 
connection with the survey of the proposed Transcontinental Rail- 
way. 

Mr. Gibson eommenced his work at Kanowna on August 27th, 
1908, and remained in the field imtil the second of December of that 
year, having travelled appix)ximataly fourteen hundred miles. 

The report is divided into three parts dealing respectively with 
the general geological features, the mineral possibilities j and the sub- 
terranean water resources. 

The report is accompanied by 21 plates and a general geological 
map of the area dealt with. 

On being su/bmitted to the Hon. the Minister, the report was 
ordered to be printed for pu/blic information. 

A. GIBB MAITLAND, 

Government Geologist. 

G^logical Survey Ofliee, 
Perth, 19th July, 1900. 
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THE GEOLOGICAL FEATURES OF THE COUNTRY 
LYING ALONG THE ROUTE OF THE PRO- 
POSED TRANSCONTINENTAL RAILWAY IN 
WESTERN AUSTRALIA. 



Part I. — General Geological Description. 

The fii-st traven?e made in connection with this work was from 
Kanowna along the snrveyed road to the Majestic, via Btilong, thence 
to the end of the Westralian Timber Company's wood line (Knr- 
ramia) and eastward along the snrveyed line of the proposed rail- 
way to Cardinia Kocks (()J)M). 

This travei-se showed the centres of Kanowna, Bnlong, and 
Majestic to be within one main greenstone belt which was also proved 
to be continuous eastward almost as far as Cardinia, and was als<^ 
subsequently shown to extend northwards beyond Kurnalpi probably 
as far as Pingin and southerly to the north end of I^ake Cowan.* 

The greater part of this belt is covered with extensive recent de- 
posits (sands, loam, etc.), this being especially the case east from 
Bulong and along the proposed line of railwa.y where there are large 
loam flats extending for miles; these being usually well timbered with 
salmon gmn and gimlet ; the nature of the rocks underlyiiig these flat** 
can only be determined by the character of the surface soil. 

Some eight to ten mile** (m the soirth side of tJie line the country 
is more hilly and broken and the greenstones outcrop over consider- 
able areas; it is here that the mining centres of Mt. Monger and 
Randalls are situated. 

Immediately along the line of route the only rock outcrops of 
any note are towards Cowarna Rocks wliere there are a few low 
gi-eenstone ridges which, however, are not of any great extent, and 
appear to be almost free frf>m the occurrence of quartz reefs. These- 
outcrops show the country rwk to be a fairly ttne grained greenstone 
more or less foliated and similar to that usually found on the West- 
ern Australian goldfields. 

The greenstones are intei-sected by occasional gninite dykes and 
masses, one of the most, cont^picuous of these being at Cowarna Rocks, 
this consisting of a bare outcrop of a coai-se-grained massive granite 
of considerable extent. 

•Thin belt is broken here und there hy aumll intniHions of irmuitic and other rocks 
but the«« are of comparatively small extent, and ure fc«nemllv distinct from the neut 
interior belt of Ki'^nitio and ffiieissic rockfl -C.G.G. 
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The western boiindar>* of this main auriferous greenstone belt 
lies about ten miles to the wesst of Cardinia and as shown on the ac- 
companying geological sketch map runs roughly north and south: 
beyond this the ctmikry is granitic and non-auriferous, with the ex- 
ception of a small belt lying immediately to the west and north of 
(^ardinia, which has a width of about three miles and a length of 
])ossibly twenty, its extent bemg as shown on the map attached. 

At Cardinia are conedderable areas of bare granite rocks fonn- 
ing low hills and giving a splendid water catchment. The whole coun- 
try about here is more hilly and broken, and in addition to the 
granite hills there is a series of low greenstone ridges to the west and 
north. 

The granite is undoubtedly intrusive and newer than the green- 
stones, and several small fragmentary areas of tlie latter can be seen 
entirely caught up in it. 

At Sardinia water is obtainable in numerous small holes in the 
granite and also from a soak at the foot of the rocks. The surface 
holes only last for a few weeks after rain, but there is a fairly good 
supply in the soak, and though not permanent it can be relied on for 
the gi'eater part of the year pnnided the season has been a fairly 
good one and the water is not drawn upon too heavily. 



From Cardinia Northwards. 

From Cardinia a traverse was made northwards as shown on the 
map, for a distance of tifty or sixty miles for the purpose of ex- 
amining the country in that direction. 

For the first couple of miles low broken granite ridges were 
passed ovw— greenstone country lying a short distance to the west; 
after this the greenstone belt was entered upon and crossed in about 
three miles. This belt appears to run in a north-easterly direct;ion 
for some fifteen miles; where crossed it consists of alternating low 
ridges and salt-bush flats, the eountr%' rock being a fine-grained 
foliated and schistose ampliibolite, the trend of the foliations being 
i-oughly north and south. Quartz reefs are fairly plentiful throughout 
and some of them are of considerable size and extent; they have re- 
ceived some little attention from the prospector but nothing seems to 
have been done in a systematic way. 

After crossing this greenstone belt the granitic area was again 
entered on, the country being flat and covered with extensive beds of 
recent deposits (sands, loam, etc.) ; up to a point some twelve miles 
north from Cardinia these flats for the most part support a good 
growth of salmon gum and salt bush, but beyond this point the tim- 
ber is mostly mulga with patches of stunted gimi and spinifex. 

At Beerie, on the west end of Lake Roe, there is a small patch 
of bare massive granite rocks and at Yindi, some six or seven miles 
farther north a considerable extent of similar rocks prevails, these 
being the only two localities where outcrops of any extent were noted. 



At tiiese latter rocks (Yindi) there are several good rock water 
holes and also a couple of shallow soak wells. The rock-holes do not 
last very long but the soaks are said to be fairly permanent. At 
Beerie there is a small rock-hole of an estimated capacity of about 
one hundred gallons. 

Soon after passing Yindi gi'eenstoue country was agiain enliered 
on, this being portion of the main Kurnalpi, etc., belt, the eastern 
edge of which lies a few miles to the west of the line followed and 
at this point swings out considerably to the east, as slh)wn on the 
plan herew'ith. 

Wliere fii-st met with there is a considerable extent of hilly coun- 
try in this belt, some of the hills rising to a considerable height, e,g,, 
Mt. Quinn, Mt. Charles, Mt. Hunt, etc. This belt of hilly country can 
be seen running southerly for some miles, Mt. Chanileigh being ap- 
parently its southern limit. The ro<*ks forming the hills are fine- 
grained greenstone of the usual type. Near the main body of granite 
they are intersected by numeious granitic dykes which are evidently 
merely offshoots from the main body. Quartz reefs are few and far 
between and the belt just here is not a promising looking one for the 
prospector. 

After leaving the hills, which only run northerly for a couple of 
milas, extensive mulga flats are met wnth which extend in a northerly 
direction for twenty to thirty miles but are broken here and there by 
low greenstone ridges. 

Lying about twenty-five miles to the north of Yindi is a long 
narrow salt lake running east and west and apparently draining to 
the east; this is undoubtedly part of ttie Mulgabbie series of salt 
lakes and is probably also continuous with tbat long narrow^ lake 
bed marked on the departmental maps as tbe Pontcm River. 

Along tlie south aide of this lake and distiant three to six miles 
from it are a series of low greenstone hills, many of them being cov- 
ered with a thin capping of inmstone rubble. Through one of these 
hills which was examined, near the eastern edge of the belt, and pos- 
sibly also through othei-s, runs a large laminated quai-tz-hematite lode 
similar to those found farther north on t^ie North C<)olg«rdie and 
Mt. Margaret Gold-fields. This was the only one of these lodes noted 
and it is probably the extreme southern limit of the well-marked 
Edjudina series.* 

Approaching their eastern junction with the granite again the 
greenstones are intersected by dykes and masses of granitic ix>cks, 
some of these being of considerable extent; tliey are apparently all 
merely offshoots from the main mass tx» the east. 

Although the greater portion of tlie gi-eenstone belt is covered 
by extensive beds of recent deposits there are, however, considerable 
areas over which the rocks outcrof), this being espe<»ially the case 
northwards from Yindi towards the lake pi-eviously mentioned. These 
rocks are for the most part slightly schistose, the foliations l>eing 

* See BiiUetin XI., 0.8. W.A. 
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roughly north and south. No quartz reef s of any gfi-eat size were noted 
but this is not to say that such do not occur; small reefs and leadei-s 
are fairly plentiful and altiiough the district has been "run over" by' 
pi*ospectoi"8, it is in my opinion sufficiently promising: to w^arrant 
further attention from them. 

On the i^turn jouniey to Cardinia the route followed was en- 
tirely r>ver granite country, most of it being fla4 and covered witii 
extensive areas of loose sandy soil, the rocks only outcropping here 
and there as small isolated patches and being usuaHy ver>^ much de- 
composed and weathered. 

By far the greater pai-t of this countiy is covered with a dense 
gi*owth of mulga which can l>e seen extending easterly for a number 
of miles, gi-adually giving i)lace to the intemninable raallee and spini- 
fex sand i)lains of the interior. 

From Cardinla Southwards. 

For the tii-st two or three miles in this direction broken granite 
and greenstone oountiy was passed over, the track following close to 
the junction of the two fonnations; after about three miles the main 
granite belt was properly entei'ed on and was found to extend un- 
broken ly over the whole of the country traversed. 

From Cardinia the counti-y is, after the first mile or so, raosbly 
loam Hats to Erayinia, these being timbered with good salmon gum. 
On the rising gi-cmnd around Erayinia the timber is chiefly mulga, 
but tlie salmon gum flsits can be seen extending westerly for a good 
many miles. 

At Erayinia the granite outcrops over a considerable area in the 
form of one large and several small round-topped hills; the rock is 
similar to that ait Caixlinia, being massive and fairly coarse-grained 
and veiy little weathered. 

There are several small rock-holes in the granite in which a 8up- 
l)ly of water can be got after rains, but they cannot be relied on for 
any leng-th of time. 

Some seven miles south-south-east from Erayinia is a second 
small outcrop of granite in the form of a small patdi of flat bare 
nx'ks a couple of acres in extent; which is practically the only 
granite outcroj) of any importance noted, the bulk of the country 
Wing covered with a considerable thickness of loose sandy soil. 

From Erayinia to some two miles beyond this second patch of 
rocks the country' is flat and mostly timbered with stunted mulga; 
beyond this latter point mallee and spinifex eoveretl sand plains and 
ridges come in and are then continuous southerly as far as my trav- 
ei-se went and as far southerly and easterly beyond this ^s could be 
seen with powerful field glasses. A few miles to ttie west the wuntry 
is slightly better as the spinifex dies out and the timber improves 
somewhat, consisting of mixe<l salmon gum, gimlet, and giant mallee. 

Some ten miles south-south-east from Erayinia are a couple of 
small salt lakes which are probably moi^ or less continuous with the 
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well-nurked series met with some twenty miles farther south. This 
latter series oonsists of a nuiriber of lakes, from a tew chains up to 
half a mile in wiidth, all more ©r less connected — the separating coun- 
try being usually drift sand — and ha\'ing a general trend to the south- 
west, the drainage also being in tliis direction; these lakes are evi- 
dently continuous into Lake Cowan, and they form the main drain- 
age channel foi- the whole of tihds district. 

Along the western side of one of the lakes at a point about 
eighteen miles south of Erayinia the greenstones were again noted. 
This is evidently the eastern edge of the main belt. The actual junc- 
tion between them and the granite cannot be followed owing to the 
covering of recent deposits but it appears to run here about north 
and south. 

The greenstones can be seen outcroppinig along the western side 
of the lake for a distance of a couple of miles; they are very much 
weatliered' and are highly foliated, the foliations running slightly 
west of north and east of south. Several quartz i-eefs of considerable 
size were noted in them ; these ai'e of white barren looking quartz, 
and as far as could be tested were devoid of gold ; tliey run about 
north-nortii-west and south -south-east and are fairly i>ei'sistent in 
their strike. 

A short distance westward from the lakes the country is again 
aJl covered with recent deposits and no outcrops are visible. 

From Cardinia Eastward to the 102-Mile. 

The whole of Mie country l>etween thesse two points is granitic 
and as usual is mostly flat and covered with the usual loose sandy 
soil. At Jumannia and a few miles to the west of it are small 
patches of bare granite rocks, which are the only outcrops of any 
note until about the 101 -Mile peg is reached when a few low gianite 
ridges are met with; these extend over a width of about a mile and 
nni northerly for some dastaiu'c. 

Northwards from the 102-Mile. 

A travei^e was made fnmi the 102- Mile in a northerly direction 
as shown on the map. The result of this was to prove that the coun- 
try' in this direction was all granitic, praetioaJly the whole of it being 
covered with loose sand and clothed with dense mallee and spdnifex, 
with the excei>tdon of a small area crossed on the return journey and 
extending ten or a dozen miles north of the 123-Mile peg on the sur- 
veyed line. 

Starting north finwu the 102-Mile the country f<^r the fii-st few 
miles is flat and timbered with stunted gmn; after tliis it becomes 
somewhat undulating, consisting of alteniating hollows and long low 
ridges, the whole being covered with dense mallee and spinifex. The 
general trend of the vallcN^s is slightly north of east an<l the drain- 
age from them a4)|>ears to be in tliis direction. 



12 

This cla.ss of eimntry whs eoiitiiuious to the Ponton River and 
-east and west of the mute followed as far a« could be seen. 

The Ponton River, as it is called on tilie departmental maps, is a 
Ion;*: nan-ow salt lake, or chain of l-akes, draining: to the south-east; 
where cnwsetl it was from three to four chains in width, which is 
appai'ently about its avei-aj;e size. The coui*se of these lakes is along 
a wide deep well-defined valley and they probably mark tiie remains 
of what was once a very fair-sdzed river Howinjj: in tertian- times into 
the sea which then covered that porticni of the country now occu- 
pie<l by the Kucla Limest<me Tableland. It is probable also that other 
.<;eries of lakes, e.(j., those near Buninifinia and Newman's Rocks, as 
well as Lakes (\)wan and Ixjfroy, were connected with the sea at a 
similar ji:H)lo^ical period: Lake Cowan undoubte<ily at that time 
formed a larjre tidal estuary, as the discovery of Tertiaiy beach re- 
mains and spon»»:e spicules in the so-called deep lead at the Princess 
Royal, Norseman, ])n)ves. 

The driftinfr sand hills of the interiin* are jrradually encroachin": 
on the old be<l of the Pont4m and it is only a matter of a compara- 
tively few years until it is completely t)biiterated. At tlie i)resent 
time it is marked west and north of Hie p*oint where crossed by a 
series of narrow salt lakes, conneoted by a sandy watercoui'se which 
could be seen trending north-westerly for many miles and which are 
probably continuous with the Mulgabbie series of lakes; south-east- 
erly it j^radually lai)ses its lake-like nature and becomes merely a 
sandy wateivoui-se which varies fi-oni a half to three chains in width. 
In this direction it runs for about a hundred miles before dyinjr out 
on the plains and for the latter part of its course is known, and is 
shown on tlie dei)artmental maps, as Goddard's Creek. 

A few miles on the north side of the Ponton alonj? the route fol- 
lowe<l is some very hi^h counti-y which however is not conspicuous 
owinjtr to the fact that most of the suri-oundiug: country also lies at 
a considerable elevation beinjr 1,40<) to LoOO feet above sea level and 
several hundred teet hijrher than the countiT to the south altmg the 
surveye<l line. There are several outcrops of bare j^ranite rocks over 
this \\\\r\\ country but they are of no great extent, most of the c<mn- 
try bein<»: covered with a considerable thickness of loose sandy soil. 
There is a small n)ck-»hole holdin*? a^>out 100 jrallons from w4iich 
water can at times be obtained on one of these outcrops •^ome thi*ee 
Uiiles or so north of the Pont(m, this Ijeinj? the only water noted. A 
laj-^e amount of **narrow-leaf'' poison bush w-as noted round these 
arranite rocks; other localities where it w^as noted in any quantities 
were Queen Victoria Sprinj^-. and here and there, alonj? the banks of 
GmldaTd\s Ci^ek; it was also noted on the coast near Twnliglit Cove, 
lonjr. 126 E. 

FiH>ni the hijrhest point from which a .ireneral vie\v could be ob- 
tained, the country as far as could he seen with field jylasses ccmsisted 
of alternatin^r low ridf^'cs and valleys all covered \\\\\\ a dense jrrowth 
of mallee and spinifex. 
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Along the route followed southerly back to tlie sui-vey line at a 
point some two males or so south of the Ponton River are a few 
small outei'ops of weathered granite and several small weathered 
granite ^'breakaways," which were the only wek outcrops seen on the 
journey south. 

Sand plains and ridges covered with dense nmllee and spinifex 
continue unbrokenly for some fourteen miles south fixMn tihe Pon- 
ton : beyond this point and extending to the survey line ai-e extensive 
flats covered with scattered salmon gum and gimlet interspersed witti 
patches of raiallee and spinifex, which class of oountiy extends back 
westerly to the 102- Mile i>eg (i.e., from the 123-Mile peg). 



From the 104-Mile to Buninginia and Goddard's Creek. 

For the fii-st half dozen miles the country consists of salmon gum, 
,gimlet, and salt and blue bush flats after which there are three miles 
or so of umllee and spinifex; at the end of this and about nine miles 
from the line are several .small low ridges with outcrops of weathered 
granite, and one sm«all isolated flat-topped hill. This hill is capped 
with six to ten feet of vitreous cprartzite, this being the result of the 
decomposition of the underlying granite, and similar to that found 
as hill cappings on the Mui'c'hison Goldfield. Round this hill are salt 
bush and grass flats which extend south-easterly for several miles; 
patches of salmon gum also occur along the edges of tiiese flats. 

About four miles south-easterly from the flat-topped hill are 
salmon gimi, gimlet, and salt bush flats which extend for some six 
miles when they give place once more to mallee and spinifex coun- 
try, wiiich is then continuous from west round through south to east 
us far as the eye can readi. 

At Eudaiie, st>me 20 miles south -eas-terly from the 1()5-Mile peg, 
are sevei^al fair-sized outcrops of bare massive granite, these being 
several acres in extent. On the largest of them is a rock-hole holding 
after rains some 2(>0 gallons of water and there is also a small soak 
at the foot of the n)ck but the supply is not permanent. 

There is a small patch of good country immediately around these 
rocks but beyond this Hie mallee and spinifex is continuous as far as 
can be seen. 

Between Eudarie and Buninginia (IS miles) the country is all 
mallee and spinifex with occasional patches of stunted gums. Some 
Rve miles from th« former place is a narraw salt lake in a small 
valley, falling east-south-easterly with spinifex and sand ridges on 
either side of it and four miles farther on is another narrow lake, 
or series of lakes, draining south-easterly. 

On tlw? north side of this lake is a small outcrop of weathered 
gneisaic granite which is the only rock outcwp noted until the gneiss 
•country near Buninginia was readied. There is a small soak at the 
foot of these nicks, near the edge of the lake, but it does not look 
as if it would be in any way permanent. 



^ 



14 

A mile or so northerly fivm Buniiifnuia are several low ridges 
of giieissic granite Which trend about north-east and south-west and 
are for tlie m«»t part covered with loose sandy soil and densely 
ciothed with t^inifex. 

At Buningrinia tliere is a large open salt bush and grass flat run- 
ning south- westerly which is about a mile in width. There is a small 
flai outeixyp of gneissic granite on this flat about half an acre in ex- 
tent, and on this there is a natural roek-hole holding after raius 
about a tlH>i»4and gallons of water. South-westerly from here the salt 
bush and grast; flats with oaks and p»tdies of myoponim are said to 
extend, with only sligiit breaks^ to Simon's Hill: there is, however, 
only a narrow strip of this class of country and it is shut in on both 
sides with mallee and spinifex. 

Travelling north-easterly . from Buninginia to Goddard's Ci-eek 
the country for the first six miles consists of loamy flats with oaks, 
gums, blue bush, and patches of salt bush and grass; at this point 
(six miles from Buninginia) half a mile or so of lake country is met 
with, the main lake being a long naiTow one only a few chains in 
width draining south-easterly; over this lake country are salt bush 
and glass flats. A short distace on the north-east side of the lake a 
nun>ber of pegmatite dykes oiitcix)p w4iich have a roughly parallel 
trend and vary from a coui)le of feet up to half a ciiain in width; 
they ai^ foun<l over a stretch of nearly a mile and occur in an area 
of gneissic gianite, mostly covered with sand, and are very per- 
sistent, and regidar in their strike. They are coaiT?e-gnained and cany 
a considerable amount of tourmaline, as also does the enclosing 
gneiss. This locality sit ruck me as one likely to prove tin-bearing, 
though a brief trial of several of the dykes failed to prove its exist- 
ence, for the geologiiwl conditions are identical with those prevailing 
on most of the known tinfiehls. 

Outside the main aurifen)us belt and the smaller one near Car- 
dinia, this, with its southerly continuation, was the only piece of 
country passwl over with even a possible chance of mineral wealtii 
and although the i-esults of the trials made were negative it does not 
follow that a more detailed seaivsh than was possible* may not re- 
veal the presence of mineral (U^M>sits, though tiie chance of this is, I 
think, a ladier reiihite one. 

The gneiss of Simon's Hill and P^ racer's Range seems to be por- 
tion of this saiuQ belt and in the fonner locality p^rmatite dykes 
similar to those above mentioned were noted but not in the same 
numbers. On (h)ddard*s Creek .s(»me forty miles slightly east of north 
from Buninginia a small outcrop of a similar gneiss was noted which 
was apparently the northern continuation of the same belt. 

After leaving the lake country there are, in the direction of 
Goddard's Creek, some six or seven miles of oak and gum flats with 

•As my equipment for the carryinK out of the whole of thia work consiBted only of 
two Gamels, and my water-carryinsr capacity was only twelve gallonB I was unable to trarel 
w£SnT*"uti*^" COO ^^*^^' **' *^' "P®"^ ■* ^^^^^ **°**^ •" ^ ^^^^^ ^^^ ^^^ ^ 
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scattered salt and blue bush, and then mallee and spinifex with 
patches of stunted o^im ; this Jaitter class of country being continuous 
easterly some twenty iniles or so beyond Godd-ard's and southerly 
as far as the eye could reach. 

C4oddai-d's Creek, ^vhere first struck, is some twenty-seven miles 
from Buninginia and is lomning almost due east and west, its bed 
being from one to three diains in width and formed of loose drift 
sand. For the whole of flie distance traversed it runs through sand 
plains with dense mallee and spinifex which, as a rule, comes right 
down to the banks^ Here and there akmg the banks are small patches 
of wattle and other stock bushes but these, however, ai*e only- of a 
few acres in extent. 

From the point where it was first struck the creek was followed 
west and north to the iM)int where ca*ossed by the survey line, and 
subsequently traveled some twenty to thiily miles beyond this point 
for the purpose of proving its coiuieetion with the ronton Rivei*. 

Gfoddard^s Creek w^s fonnei'ly similar in appearance to what the 
Ponton River now is farthei* to the north-west, viz., a typical narrow 
salt lake with the usual salt g>'pseous clay beii wliich has gradually 
become covered over with drift sand and can be exposed anywhere by 
<iigg^"g ^ ^ew feet dowTi in this sand. The fresh water soaks which 
are found at fairly frequent intervals along the creek are merely sup- 
plies of rain water held in the sand on this clay bottom and are by 
no means j^ermanent; in digging them out, if tllie day bottom is 
opened up at all, the water rapidly becomes .salt, as it also does if 
•diawn upon too heavily. 

After leaving the lake country near Buninginia no rock outcrops 
of any description were seen on tiie journey to Goddard's and along 
it to the sun-ey line, the whole country being covered with consider- 
able deposits of sand. 

From Goddard's Creek to Queen Victoria Spring, and thence 
North-East. 

From the point where the survey line crosses Goddard's Creek 
a journey was made to Queen Victoria Spring and thence north- 
easterly for some distance, for the puipose of examining the aurif- 
erous country which had been rejjorted to exist in the locality. My 
investigations, liowever, failed to reveal the slightest trace of mineral 
country in the \-icinity of the .route ti'avei>>ed, and though such may 
■exist— I could not examine every inch of the country — its extent 
must be so small as to render it of no importance ; for my own part 
I am of opinion that there is no mineral oountrv within, at least, 
thirty miles of Queen Victoria Spring. 

Up to a point about fifteen miles from the spring the country 
was practically all sand flats covered witii a dense gn)wth of mallee 
Bud spinifex, the only exceptions being a few small isolated patches 
of salmon gum a few acres in extent, which were ehiefiy found be- 
tween fifteen and twentv miles fix>m Goddard's. 
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I)riftin>r sandhill country coiumeiioes at a point fifteen miles 
from, and is then continuous up to, tiie spring and also extends for 
many miles both north and ea-st from it. It is covered with spinifex 
and carries a few desert g:iims and pines with occasional small 
patehes of wattle. 

Between (foddard's and the spring; the only rock outcrop seen 
was a small patch of Aveatiiered granite about a quarter of an aer» 
in extent iNnng some twenty-two miles along the track. 

Queen Victoria Spring is not a spring in tiie correct sense of 
the temi, it being mei-ely a soak situated in the centre of twenty to 
thirty acres of grass land surrounded by pines, desert gmns, mallee, 
and spinifex. The soak is in sand on a clay bot.t<mi and is apparently 
formed in an old clayj>an which has been tilled in by drift sand. 
Tlieix* was a good supply of w^ater in it when I was there, but it is 
said to give out after a bad season ; it is situated just on the west 
side of the sand hills and about nine miles west-uortli-west from 
Streich Mound. To the south and round through east to north and 
north-west the countr>' is all sandhills, but to the west and south-west 
it consists of mallee and spinifex plains which extend across to 
within a comparatively few miles of Mt. Quinn and Mt. Gliarles. 

Streich Mound is a large round-'topped sandhill and is easily the 
highest point in the district, forming a good guide to the soak, as it 
can be seen from any high point up to twenty miles distant. 

As a general rule the sandhills form long irre^ilar ridges 
trending roughly east and wes-t and having an average height of fifty 
to seventy feet, occasionally mudh more, and the distances between 
the ridges ,vary from a few chains uip to half a mile or more. Be- 
tween Streich Mound and the S4>ring, ht>wever, the hills have no par- 
ticular trend but are dotted about all over the place and travelling 
across them is very heavy on that account. 

From Queen Victoria Spring a traverse was made north-easterlyr 
as shown on the map herewith, as it was in this direction and distant 
about twenty miles that the auriferous country was supposed to 
exist. My investigations showed all this couutiy— and a good deal be- 
yond it — to be practically all sand hills and certainly not auriferous. 

On tiie outward journey, i.e., going north-east, the country 
I)«ssed over was all sand hills covered with spinifex, desert gums, and 
pines,with occasional patches of dense mallee. For the first eight or 
ten niile^ tihe sand hills were large and numerous, generally having 
an east and west trend, but beyond t\m they got smaller and fewer 
though they could be seen thick enough a few miles to the north. The 
flats between them are usually covered with dense mallee and spini- 
fex, the growth over the hills tihemselves being much more scat- 
tered. 

From the top of a high sandhill (a) eighteen to twenty miles 
from the spring, sandhill country could, with tlie aid of powerful 
field glasses, be seen extending away indefinitely to the west and 
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roand through nortti to east; in the latter direction there were twelve 
to fourteen miles of ra-allee flats before the sandhills commence. 

From this sandhill (a) I went to a second one (h) lying about 
twelve miles east-south-e«^t, the intervening country being all flat 
and covered with a dense growth of mallee and spinifex, while at one 
spot about two miles on the wbv there was a small outcrop of wea- 
thered gneissic granite which was the only rock outcrop seen on this 
journey. From tiie top of the second hill (b) sandhill country could 
be seen extending away indefinitely to the north and east. 

Returning from (b) to the spring about ten miles of mallee and 
spinifex flats, broken in one or two places by small patches of sal- 
mon gum with salt and blue bush, were crossed, after which the sand 
hill eountiy started again and continued to the spring. 

On the return journey to the survey line we travelled due south 
from the spring for a distance of thirty miles, at which point Qod- 
dard's Creek (Ponton River) was stnick and this was then followed 
down south-easterly to the point where crossed by the survey line. 
At a point some six miles from the spring two low sand ridges run- 
ning east and west were crossed, the balance of the country being 
practically flat with a general fall to tlie south and east and covered 
with dense mallee and spinifex, with the exception of two or three 
small isolated salmon gum flats each only a few acres in extent. There 
is generally fair salt bush on these flats and they are the only areas 
over which any stock feed is procurable. 

Groddard's Creek (the Ponton) where first met on this traverse is 
in a deep well-defined valley which is deeper and better defined to the 
nortii-westward where the country is higher; south-easterly the coun- 
try is falling and the hills and ridges which form the sides of the 
valley gradwally die out in this direction so that a few miles above 
tlie point where crossed by the line, and Houth-easterly beyond it, the 
creek is merely running through a sandy pFain. I'ts bed varies from 
two to four chains in width and where first strul*k the salt-lakelike 
appearance which it has farther north-west is just disappearing be- 
neath drift sand. A few small patches of gypseous clay and salt still 
are visible along the bed, but a few miles farther south-east these 
disappear and the bed is entirely covered with loose drift sand over- 
grown in places with mallee and ti-tree. The firat freeli water soak 
is found hi the sand some ten miles north-west of the Hne but 
is not good, the quality of the water and also the supply impn)ving 
farther to the souHi-east. 

Tlie general trend of the creek from w^iere first met with to the 
point wherfi crossed by the sun-ey line is roughly south-ea«t and the 
cwuntry through which it runs is of the poorest description, consist- 
ing aknost entirely of sandplains covered with dense mallee and 
spinifex. However, there are occasional small areas immediately 
along the banks of the creek where a little stock feed is procurable, 
this being mostly wattle and salt bush with here and there smull 
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patches ot *;ras8; where these Dceiir the "naiTi>w-leaf" poison plant 
is also very plentiful. 

Some fourteen miles nortli-west fnmi the line and along- the 
south-west bank of the creek is a low ridj^e of weathered granite 
(gneiss) and along the banks of the creek itself is a small outcrop of 
jrarnetiferouft gneiss which is practically identical in appearance with 
that noted at Buninginia, Simon's Hill, and Newman's Rocks, and is 
evidently the continuation of that belt. Owing to the recent deposits 
(sands, etc.) which cover most of the interior country the extent of 
this gneissic belt and its relationship to the massive granites farther 
west could not be determined; it may only be a part of this massive 
srranite which has been rendered gneissic by local pressure, etc., or 
it may represent an older and entirely different series, and personally 
I am inclined to the latter belief. 



From 6oddard*s Creek East to the aSO-MUet thenee South to the 
Coast at Eyre» and thenee via BaUadonia to Simon *s Hill. 

Going easterly from Goddard's Greek along the proposed line of 
railway, the sandplain country with mallee and spinifex continues 
for some twenty-three miles, i.e., to about the 167-mile peg. At one 
or two places small patches of gimlet wood with salt and blue bush 
occur within this mallee and spinifex belt, notably near the 157 and 
the l()3-mile pegs. Ea^t of the 167-raile peg the mallee and spinifex 
give phu'e to oaks and blue bush mth scattered salt bush, whilst the 
sand plains are replaced by light -coloured loam flats. This change 
marks the ap])i'oximate junction between the granitic country and 
the tertiary limestone which from this point is continuous easterly 
across the South Australian border and southerly to the coast. No 
rock outcrops are visible for a number of miles both east and west 
of this point (the l(57-niile) and as the change in the surface deposits 
and in the vegetation is a very gradual one and no natural sections 
could be observed, it is dillicult to define exactly the junction between 
the two forujations ])ut it probably runs appmximately as shown on 
the nuip herewith. 

The whole of this limestone area is practically dead level, or at 
the most slightly undulating, and is covered with a vaiying depth of 
light -coloured loam from beneath which flaggj* limestone can be seen 
outcropping every here and there. Along the proposed line of rail- 
way tliere are on this area vast treeless grass and salt bush plains, 
))ut nearer the coast there is a fair extent of timbered count ly. 

Over the limestone country the only surface water procurable is 
obtained from small "rock-holes" w-hich are few and far between, and 
at best aie of very limited capacity. The positions of the principal 
ones are shown on the map here\vith and a fuller description of them 
will be given later. In addition to the *' rock-holes" there .ire 
found numbers of what are known as "blow-holes," which are more 
or less circular tipenings in the limestone crust from two to .six feet 
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in diameter, through which the air often rushes with cousiderabie 
force; sometimes the draught is inward and at others outward, con- 
sequent on the difference of temperature outside and in. The occur- 
rence of this "blowing** indicates the existence of a system of under- 
gi'ound air passages. 

Over certain areas in the limestone countiy there occur also 
shallow circular depressions in the surface which have been locally 
termed "dongas'*; these vary from five to twenty chains in diameter 
and are undoubtedly formed by the caving in of subterranean 
chambers in the limestone. 

The southern edge of the limestone tableland is marked by a 
fairly regular line of cliffs which, westerly from Twilight Cove al- 
most to Israelite Bay, form the coast line and rise vertically out of 
the sea to a height of 250 to 300 feet. Easterly from Twilight Cove 
they nm back inland from the sea for some miles and then trend 
roughly parallel to it as far as a point some few miles east of Eucla 
where they again form the shore line, their greatest distance from it 
being at a point about half way between Eyre and Eucla where they 
are some thirty miles inland. They form a more or less vertical es- 
carpment some 200 to 250 feet in height, the country between them 
and the sea being low-lying loam flats with white drifting sandhills 
along the immediate sea front. At Eyre these sand hills extend in- 
land for some miles and are formed of very fine white sand; they 
move conifparatively fast and are continually encroaching on the tele- 
graph line, having completely buried the original posts in one or two 
places. 

The cliffs where examined at Twilight (^ove are seen to consist 
of soft shell limestone, apparently horizontally bedded, the upper 
few feet being very hard and compact, this evidently being due to 
atmospheric influences. In the faces of the cliffs some distance back 
from the sea and considerably above it^;* present level, waterworn 
caverns and wave markings show that at one time the coast here was 
at a considerably lower level than it is at present and that it has 
risen at a comparatively recent date. 

At the foot of the cliffs at Twilight Cove and in the hollows in 
the sandhills both here and at Eyre good fresh water is obtainable 
a foot or two below the surface. The occurrence of this water is re- 
ferred to later on in Part ITT. of this report. 

On the return journey from Eyre the fii-st change in the forma- 
tion of the conntr}' is noted at Balladonia where the granite rocks 
again make their appearance, outcropping from beneath the lime- 
stone. Their occurrence is in the form of a bold bare outci*op rising 
to a height of fifty or sixty feet above the suiTounding plains and 
covering an extent of, perhaps, a couple of hundred acres. This 
granite is a coarse-graineil massive variety, its essential constituents 
being quartz, microline, and biotite with a little magnetite; it con- 
tains no gamets. Small veins of pej»nmtite can be seen iravereing the 
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main mass in all directions, vai-yinj>: in thickness from a fraction of 
iu\ inch up to nearly a foot. 

No actual junction between the jjranitic rocks, and the limestone, 
])eneath which they dip on all sides at a flat angle, is \'isible o\*nng 
to the recent deposits which cover the surface of the counti7, but 
there is no doubt as to the granite being the older rock. Several other 
similar isolated patches of granite occur before the main body is 
reached, notably at Wombema, twelve miles south of Balladonia, 
(lerandilla nine miles west, Booma Rocks, Wahgoninya Rocks, etc. 

An interesting fact in connection with these granite rocks has 
been the discovery of diprotodon bones (Diprotodon Australis) 
buried in the sand and silt beside them. Discoveiies of these bone> 
have been made at Balladonia, at Cook's Rocks, twenty miles north 
and at Wombema Rocks, twelve miles south. At Balladonia, bones 
in a good state of preservation were discovei'ed at depths of from 
four to twelve feet whilst excavating a dam beside the rocks, while 
at Cook's and at \V<miberna fragments of bones were found at from 
four to eight feet from the surface also whilst excavating dam sites 
rioso to the rocks. It is evident that the rocks fonneriy fcmned water 
inir i>1ac(\s for these animals, as they still do for the present-day 
fauna, and that the bones are the remains of animals that have 
either been b<\iri:ed while at the waters or that have perished as the 
result of the supply giving out after a bad season, as it still does. 
It is quite likely therefore that search ixiund any or all of these 
rncks would result in the further discoveiy of many of these re- 
mains. 

Travelling from Balladonia towards Simon's Hill the lime- 
stone (plain) country extends for about twenty- four miles, bein;: 
broken by two small outcrops of bare massive granite eight miles 
and fifteen miles respectively from Balladonia. The former of these 
(Booma Rocks) occujiies an area of about thirty acres and the lat- 
ter (Wahgoninya, or ^^lo-Mile" Rocks) slightly more, the granite in 
both cases being similar to that at Balladonia. Over the limestone 
area the only rock outcrops are in the form of small isolated patches 
of Maggy limestone, the bulk of the country being covered with a 
fair thickness of hiose light-coloured loam. Owing to this covering 
of surface soil no actual junction between the limestone and the 
main granite belt can be seen and as the change from the light loam 
of (he limestone )>lains to the sand of the granite country is a verj' 
gradual one, this juncti(m can only be fixed approximately; prob- 
ably however it lies scmie nine miles west of Wahgoninya Rocks as 
at this point the gum and salt bush counti^ — here characteristic of 
the limestone — dies out and gives place to mallee, stunted gums, ami 
patches of spinifex which are characteristic of the granite country. 
Some four miles beyoiul this point westerly are several small out- 
crops of gneissic granite, wliich were the first outcrops noted after 
leaving Wahgoninya. 
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About a mile east of tlwse outcrops is a small narrow salt lake 
tlrainino: to the south, the c<Hintiy on each side cousistinjj: of low 
sand ridges with niallee and spiuifex; this class of country is then 
continuous until Newman's Rocks are met with; here there is a con- 
siderable outcrop of <*7*anitic rocks which occupy an area of sixty of 
seventy aci^es and rise in places up to tifty or sixty feet. The rock 
is a ^metiferous biotite o^ueiss and is similar to that noted on God- 
<lard's Creek. 

On the east side of these rocks is a series of narnnv si\lt lakes 
Avhich have a total width of about half a mile and drain towards the 
south, evidently extending: for a considerable distance as they can be 
seen some miles to the north-east and are liere in a well-defined, 
thoujfh not deep, valley. 

There are several shallow soak wells at the foot of the rocks and 
a small patch of jjood country round them, but at a very little dis- 
tance the sand plains with mallee and spinifex start again and are 
then continuous almost to Simon's Hill. 

Around Simon's Hill there are a number of low-rounded hills 
and ridges which are the north-east end of Fraser's Range and rise 
at their highest point a hundred and fifty to two hundred feet above 
the plain. The rock of which these hills are formed varies from a 
garnetiferous <piartz schist to a gametiferous biotite gneiss and is 
evidently a continuation of the Buninginia-Ooddard's Creek gneiss 
belt. Several coarse-grained pegmatite <lykes were noted running 
through the gneiss and one of these some six miles south-east of 
Simon's Hill has been opened up to a dei)th of six or eight feet in 
a couple of places, evidently in a search for mica, masses of which, 
up to two or three inches s<iuaie, are common enough in the dyke, 
which is from six to ten feet in width ; fair-sized crystals of tourma- 
line are also connnon in it, and one small pink one of poor qualily 
was al.so noted. 

From Simon's Hill to Lake Cowan, Binyerinyina and Kanowna. 

After leaving Simon's Hill the country is — with the exception 
of one small patch of granite rocks — all undulating sand |)lains, 
mostly covere<l with mallee and scattered spinifex, until Lake Cowan 
is reached. The granite of which the above patch of rocks is formed 
is of the massive variety as are all the outcrops noted to the west of 
this |M)int. Some nine to ten miles frcmi these rocks, towards Lake 
Cowan, a small salt lake was crossed and a second larger one some 
nine miles farther on; the latter being apparently an offshoot off the 
noi-thern porti<m of I^ike (\)wan; both these lakes are draining to 
the south and south-west. 

Round the north-east end of the main body of Lake Cowan are 
low ndges of drift sand covered with stunted pine trees running 
back a quarter to half a mile, and behind them, extending back a 
couple of miles from the lake, are sand and loam flats. A narrow 



22 

arm of salt lake, often Jess than a chaiu wide, winds through X\\e^ 
flats at the noith-east end of the main body of Lake Cowan and 
unites it %\'ith another ^hhI sized series of saJt lakes lying a few 
miles to the noilh-east. 

On the m)rth side of this arm tlie greenstones were a^in met 
with for the flrst time after leaving Cardinia; hei-e they outcrop 
over a small area and are highly foliated and much weathei'ed. and 
numerous granitic dykes can be seen running through thetii, these 
having a general north-west and south-east trend. Only a narrow 
strip — about a mile or so — of these greenstones was passed over, the 
track soon coming on to the granitic area again; they mark the south- 
western extremity of the main Randells-Bulong-Kumalpi belt, the 
boundary between them and the granitic rocks being approximately 
as shown on the map herewith. 

At Binyerinyina is a large outcrop of bare granite rocks which 
are of the usual massive variety ; they lie a couple of miles f n)ni the 
west shore of l>ake Cowan and rise from an extensive open sandy 
tint to a height of tifty or sixty feet. There is a gix>d supply of 
water in shallow soak wells at the foot of these ix>cks. 

After leaving Binyerinyina no rock outcrops were seen until 
a i)oint scMue six miles to the north was reached ; bere there are a few^ 
low broken ridges of granite trending east and west and extend- 
ing nort'li for about four miles, where they reach their highest point; 
up to here tbe drainage of the count !•>' is all southerly into Lake 
Cowan, but beyond this it is northerly to Lake Lefroy. After croge- 
ing these ridges no furtJier rock outcrops were seen until the noi^h 
side of the lake ct)untry was reacheti, when the greenstone of the 
main belt were met again, outcropping along the shores of the lake, 
and then at frecjuent intervals right across to the sur^'ey line. 

Twenty-five miles north from Binyerinyina a series of salt lake& 
was met with which extend over a width of about six miles and 
trend east and west, being evidently a continutition of Lake Lefroy; 
the widest extent of actual lake bed is about two miles — this being the 
northerly arm — while there are several other aruii* over half a mile 
across. 

After crossing the lake country the route followe<l lay entirely 
over greenstiuie country, tbis being the main Mt. Monger- Randells. 
etc., belt. Tiie greater portion of the belt where crossed is covered 
witb extensive recent reposits (loam, etc.), 'but a few miles both 
east and wei^t of the track are low broken ranges over which the 
rocks outcro]) and in whicli the mining centre of Randells and Mt. 
M(m^er are situated. 

Some three or four miles l>efore tbe sui-vey line was reached 
a small belt of granite countr>' was passed over, but owing to 
the recent deposits? the boundaries of this belt were not exactly 
definable, though it ap])eared to be about a mile across and is evi- 
dently only a small oiT«?hoot from the main body farther east. One 
or two somewhat similar but smaller bodies of granitic rocks were 
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aJso noted between the end of the wood line (32-mile) and Kanowna, 
but these, however, are of no great extent or importance. 



Part II.— Mineral Possibilities. 

As re^rds the mineral pt)ssibilities of the country Knng within, 
say, a 70 to 80 mile radius of the proposed line of railway, it can 
be stated at once that both the granitic and the limestone formations 
Tvhich, as can be seen by reference to the nnip, occupy the whole 
of the country pa88e<l over after the tirst seventy miles, are non- 
aiififeix>us and, with the exception of the one district mentioned 
below, hold out no possibility of the discovery of mineral wealth of 
any description. 

This one excepted district is that occupied by the belt of g-ar- 
iietiferous gneissic granite which outcrops at Simon's Hill, Bun- 
iii^nia, Neumanns Rocks, and Goddard's Creek. The whole of this 
belt, however, with the exception of comparatively small areas at 
the localities mentioned, is covered with extensive sand plains which 
render it valueless for prospecting purposes. At Simon's Hill and 
in the vicinity of Buninginia niunbers of coarse-grained pegmatite 
dykes can be see cutting through the gneiss, being especially numer- 
ous at a pc^int some half dozen miles north-east from Buninginia. 
These dykes cany a considerable percentage of tourmaline, as also 
does the enclosing gneiss, and from their appearance, etc., struck 
nie as being possibly tin-bearing, thoug-h a somewhat short exam- 
ination of them failed to show any. 

When passing through Balladonia a si^ecimen of allanite (sili- 
cate of lime, iron, aluminium, and cerium) was handed to me which 
was repoited to have been found in cme of these pegmatite dykes 
near Simon's Hill; this mineral, though of itself of no great coni- 
mei-eial value, is of ccmsiderable scientific interest, but I was unable 
to aseertain if it were present in the dyke in any quantity, but 
the probability is that it was not. It is quite probable that \\i\ece 
it was found the closely related mineral gadolinite will also be 
obtained, but this, although it has at the present time a considerable 
market value on account of its yttrium contents, can hardly be 
looked upon as a ctmnnercial mineral in the general sense of the 
tenn. 

Near Sinwm's Hill als4), as mentionotl in the lirst part of this 
report, one t^f these dykes has been opened up to a depth of six 
or eight feet in two or three places apparently in search for mica; 
irregular masses of this up to a couple of inches square are conunon 
in the dyke, but as far as opened up it is of poor quality and of 
little or no value. In this dyke also a small pink tourmaliiie was 
noted; these when of good quality are of considerable value as 
gems, bnt the likelihood of their being found here in payable quan- 
tities is not Jireat. 
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As, however, neitlier tin nor any other commercial metal or 
mineral has been found in it in payable quantities and the possi- 
bility of their existence is after all only a faint one, I am not m- 
clined to consider this belt of country as a mineral one, and will 
say that, in my opinion, the only country of any mineral valae 
lying within at least a seventy-mile radius of the propose<l line 
(►f railway is that found within the tirst sixty-nine miles of tlie 
surveyed line. Thi« embraces the two jri-eenstone (auriferous) belts 
nienti4)ned in the first part of this report and shown on the niap 
herewith, viz., the main Kurnalpi-Bulong, etc., belt and tlie small 
belt lying west and ncu-th of Cardinia. 

This second belt has a probable length of some fifteen miles 
and an average width of about three miles. The rocks are green- 
stones of the usual type and are somewhat foliated and schistos*'; 
(|uartz reefs ai*e fairly plentiful and are scmietimes of considerable 
size. The belt has been run over by jirospectors, but no systematic 
prospecting has been dtme, and the general appearance of the 
locality certainly warrants more attention than it appears to have 
received. 

The extent of the firet, or main, belt is shown on the map aoeom- 
panyiiig this report, and, as can be seen, the whole of this district 
is within fairly easy access of the various outlying settled centres 
— Kurnalpi, Bulong» Kurramia (Wood line), Randells, and Mt. Mon- 
ger — and has received c^)nsiderable attention from the prospector. 
There is, however, within it a considerable extent of country which 
is well worthy of further attention, this being particularly the 
case with that portion lying to the east and north-east of Kurnalpi; 
here some very nice looking country' was passed over which, judginjf 
by at)pearances, has not received much prospecting. 

It can, however, hardly be said that either of these belts are 
**new" countrv' for they have both been known to, and have re- 
ceived attention from, prospectors for a gocxl number of years back. 
Neither can it be said that the construction of the proposed rail- 
way will to any gi*eat extent tend to open them up for the most 
outback portion of them is, as before stated, within fairly easy 
access of already settled centres, and in view of this fact it can 
be said that, broadly speaking, the construction of the proposed 
line will open up no mineral country. 



Part III.— Water Supply. 

Relative to the water supply along the proposed railway. '* 
can be briefly stated that the whole of the first hundred and eight)' 
miles is practically a waterless stretch; there are certainly a f^^ 
rock holes and soaks along it, but these are not permanent, ft^^ 
the supply is very Uinited. Moreover, lM>ring operations have ^ 
far failed to prove the existence of an undergnmnd supply of fre»* 
water and, as far as the country travelled over by myself K<^* 
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I hardly think a supply is likely to be found, i.e., before the lime- 
stone countiy is entered upon, unless it be at a spot about eight ^ 
miles south of the llo-nidle peg on a large salt bush and grass 
flat at the south-east end of a well defined watercourse falling in 
this direction. There appears to be a good drainage from at least 
three sides into this flat, and it was the only place seen by me 
which gave even a faint hope of the possibility of obtaining fresh 
water at a fairly shallow depth. 

Salt water will, of course, be procurable at a shallow depth 
along any of the systems of salt lakes. 

As regards a supply for the railway over this first stage, the 
only way of procuring it will be by the construction of tanks and 
tiie eonser\*ation of the sui*face supply (rain water) and practically 
the only place along the line where a decent tank site and catch- 
ment is available is at Cardinia Rocks (69-mile). 

Along the section of the line lying over the limestone table- 
land, water will always be procurable by deep boring, but the quality 
will, judging by previous results, possibly not be too good, and, in 
addition, it will in all probablity have to be pumped from a depth 
of several hundred feet, owing to the flow not reaching to the surface 
for reasons given below. 

The strata of which this tableland is formed consists of porous 
tertiary limestones, with underlying soft sandstones and clay shales ; 
these beds appear to me to be laid down practically horizontally, 
though a slight prevailing dip to the south, i.e.. towards the coast, 
has also been ascribed to them. On the north the water-bearing beds 
do not outcrop, but presumably impinge directly on the granitic 
rocks, and receive a large portion of their water along this junction. 

On the South Australian side of the border, bores show that the 
upper sandy water-bearing beds are overlain by three hundred to 
five hundred feet of porous limestone ; these water-bearing bed.s 
outcrop at sea level, and being practically horizontal, are also over- 
lain on the Westeni Australian side by two hundred and fifty to three 
hundred feet of limestone (the height of the cliffs) near the coast, 
which increases to five to six hundred feet farther inland owdng to the 
gradual rise of the surface of the country. A second main water- 
bearing series appears to exist at a depth of 1,000 to 2,000 feet 
below the upper one, the intervening porous rocks also being more or 
less saturated with water. The occurrence of this lower water- 
bearing series is proved by the bore at Madura (W.A.), in which a 
flow of water was struck at a depth of a little over 2,000 feet and rose 
to the surface. 

This lower series could be tapped by bores anywhere inland 
within the limestone area, but, owing to the fact that the surface 
of the country varies from 250 feet, at the clififs on the coast, t«) 
550 feet, along the railway line, above sea level, and also that 
there is a known outlet for the water along sea level— proved by the 
presence of surface springs at the foot of the cliffs at Twilight Cove 
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ami (HI the shore at Eyre— the probability is that the water will nui 
rise to the surface, thonjrh there will probably be sufficient pressure, 
due to the natural resistance to horizontal flow, to make it rise con- 
siderably above sea level. The bore at Madura is stated to be put 
down at the foot of the cliffs, a very few feet above sea level, and 
the flow, even here, is only a foot or so above the surface ; the supply 
is put down at 5,700 jrallons per day (from 2,040 feet) and is ^aid 
to be f^ood stock water. 

In five bores put d<»wn on the South-Au.stralian side of the 
border, water was met with at depths of from 700 to 1,200 feet, 
but in no case did it rise to the surface ; the supply varied from 
strongly brackish to good stock w^ater.* 

A bore put down at a point twenty-five miles north of Madura 
struck the upper water-bearing series at about 430 feet (about sea 
level), and the supply is said to be good stock water, but it has to be 
pumped from the bottom of the bore. This upper series will be 
met with over the whole basin at ab<mt sea le\'el, the supply will be 
plentiful and probably of better quality than that met with at the 
greater depth ; it will however not rise to the surface and will alwa\^ 
\iave t(» be pumped. 

In c<mnection with the question of artesian or sub-artesian 
water in thif* districts the following extracts are taken from a 
report^ by the (fovernment Geologist of this State written in 1900 
and fi*om a report* by the Government Geologist of South Australia 
written in 1S,S;"). The first of these reports reads as follows: — 

'* The strata consist of porous limestone associated 

with beds into which the rainfall is rapidly absorbed and dis- 
chaiges seawards in the form of fresh water springs, I'enderin? 
the occurrence of underground water more than pix>bable. These 
beds have been pierced by means of live bores on the South Aus- 
tralian side of the border. The section in these bores invariably 
shows a thickness of sandy water-bearing beds covered by lime- 
stone from 300 to 500 feet thick. The beds have a slight prevailing 
dip t(»wards the (ireat Australian Bight, and the water (sub-artesian) 
rises in the bore holes to a height equal to that of the sea level. 
So far, however, the water obtained has proved to be either salt 
or brackish, hut still suitable for stock purposes .... I am. 
however, not very sanguine of success in obtaining anything but 
a sub-artesian supply of water anywhere towards the northern edge 
of the Tertiary basin. Any such supply would be expected to be 
at least brackish though no doubt suitable for st<K*k . . . '' 

In the second report Mr. Brown says: — 

^* . . . There is evei*y probability of good water being ob- 
tained by boring through the limestone of the Nullabar Plains inti> 

• See Annual Report of the Qeolofdcal Survey, 1900, pp. » and 30, 
t Extension of Artesian Water-carryinsr Strata from South Austrnlia : bv A. 0**^ 

Maitland, Gorernment Geolo^nst. Annual Report Geolofrical Survey, "W.A., 1900, p. SB. 
t A Report on the Geolofrical character of the country passed over from Port Augn** 

to Encla: by H. Y. L. Brown, Governinent Geologist, Adelaide. Bv authority, 1885. 
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the sandstone, clay, and sand beds which will be found beneath it. 
It is not probable that water met with in boring here will rise to 
the surface, taking the high elevation of the plain into consideration 
and the certainty that outlets exist to the southwards where the 
5ea level is from 250 to 300 feet lower than the surface of the plain. 
Snffieient pressure might, however, remain to force the water io 
a considerable height in the bore " 

Over this limestone taibleland the only surface water procur- 
aible is found in small rock holes which are more or less circular 
holes worn in the upper crust of the limestone and holding uj) 
to, in one case, 20,000 gallons of water; their more usual capacity 
is, however, from 500 to 1,000 gallons. They hold water only for 
a comparatively short thne after rain and are not to be relied upon 
for a supply during the suunner months; and at best they are but 
few and far between. 

The positions and holding capacity of the most important of 
these rock holes are shown on the map accompanying this report. 

With regard to the supply of surface water over the route 
followed by myself along and aw^ay from the survey line, the fol- 
lo«wing are descriptions of the principal rock holes and soaks, ex- 
clusive of those in the limestone and along the stock route which 
are shown on the map: — 

Cardinia. — Several small rock holes and soaks at foot of large 
orranite rock. Good supply of fresh water during the greater part 
of year, but it is said not to be pemmnent. 

Jumannia. — Rock holes. 2,000 gallons. 

Ero^tma.— Small rock holes; supply poor. Small rock hole 
<100 gallons) 7 miles south-south-east. 

Beerie.— Small rock hole; 200 (?) gallons. 

Tindi.—Qood rock holes and shallow soak wells; supply good. 

Ponton River (North side), — Small rock hole; 100 gallons. 

Eudarie. — Rock hole, 200 gallons, and small soak at foot of 
rock. 

Buninginia.— Rock hole, 1,000 gallons. A small soak at e^^ 
of lake half-way between Eudarie and Buninginia. 

Goddard's Creek. — Numerous soaks along the sandy bed of the 
creek; supply good, but is said to give out after a bad season. 

Queen Victoria Spring. ^So&k in sand on clay bottom; good 
supply in average seasons, but is said to give out after a bad one. 

C. G. GIBSON, 

Assistant Geologist. 
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PREFATORY NOTE. 



During the last 10 or 12 yeai-s a good deal of boring has beea 
carried out in ihe Irwin River District with, inter alia, the object of 
detininjr the area over which the Coal Measures extend and their 
probaljle extension beneath the Mesozoic and Newer Rocks. 

The following table gives a list of the various bores, and other 
cognate particulars : — 



Name of Bore. 



Dongiira 
Yardarino 
Miiigenow 
GeraMton (Town) 

Do. (Kaeccourse) 

Millie \va (47 Vim.) 




Remarks. 



Not bottomed. 
Not bottomed. 
Not bottomed. 
Bottomed, granite. 
Not bottomed. 
Not bottomed. 



Difficulties connected with the operations led to the abandon- 
ment cif the latter before the base of the formation had been un- 
ec|uivoi'ally readied. (jieoh>gical evidence bearing upon the probable 
extent and nature of tlie Irwin River Coal-bearing rocks being in- 
complete, it was deemed necessary in the interests of the State that 
a more or less detailed examination of the district should be under- 
taken, ^nch being absolutely necessary before any further boring 
operations could be can-ied out. 

The groun-d embraced by Mr. CampbelPs field work covers an 
area of about 2,000 square miles, and is depicted on the Geological 
^fap wliich forms Plate I. 

Ml-. Campbell's tield work, however, necessitated some atten- 
tion being paid to the crystalline and met amorphic roeks, which 
formed the floor upon which the newer strata were laid doAvn, hence 
a brief account of these is given in the opening }>oii:ion of the re- 
port. This, accompanied by the geological maps, shows that these 
older beds extend over a considerable area and occupy the eastern 
portion of the district at the headwatei-s of the Greenough and 



Irwm Rivei*s. These beds also (wcur in the valley of the Arrowsiuiili 
Rivei% just to the west of Arrino, aiid occupy a iiarro^v strip ol' 
country extending due north -nearly as far as the mouth of 
Oi^eenbnwk, one of the tributaries of the Irwin. Another deveh^p- 
ment of them occui*s in the lower reaches of I he Gi-eenoujrh River, 
where they form a huge island entirely surrounded by the Jurassic 
Beds. The most extentjive area, hmvever, is to 'be found in the 
valleys of the (^hapman, Oakagee, and BoAves Rivei's, where they 
rise to considerable elevations above the level of the sea, and extend 
northwards far beyond the area embraced by Mr. CampbelPs work. 

One of the most noticeable and perhajis the most important 
feature is the remarkably straight boundaiy line which limits the 
•older rocks on the east, and is veiy suggestive of the junction being 
marked by a fault. 

The older rocks consist largely of granite and gneiss, t ra ver:<ed 
hy dykes of diabase, basalt, and norite, and lodes of lead and ei>p- 
per, in addition to quartz veins which may possibly be auriferous 
to a slight degree. 

The gneisses seem to occur as broad, well-defined zones haviiii: 
an average north-west and south-east strike. In the Chapman River 
near (^iruicy, the coarsely ciystalline gi'anite is brecciated and eon- 
tains blocks of finely crystalline garnetiferous granite. This ancient 
<»rystalline complex is travei"sed in placets by bands of hornbleiule 
schist which may be merely transmuted basic dykes. 

Prior to the deposition of the Carboniferous and Newer Strata 
the crystalline c<miplex appears to have been greatly eroded and 
weathered, fomning an exceedingly irregular surface upon whicli 
they were ultimate'ly laid down. 

Resting upon these ancient crystalline rocks are a series of be<ls 
of as yet undetermined age. described by Mr. Campbell under the 
name of quartz-conglomerates, and submarine tuffs. The.-^e betls 
occupy, as is indicated on the geological sketch maps, a fairly con- 
siderable area of country. Representatives of this series are tii*sr 
met with near M(X)ra, from whence they extend as a continuous 
strip, as yet undefined, northwards as far as Greenbrook, on tlie 
Irwin River, having been noticed and examined at Jingemia, near 
AVatheroo, C(K>row, Carnamah, Three Springs, and Arrino. To the 
«ust of this what ai^ believed to be beds of the same series occur in 
the neighb(mrhood of Billeranga Hill and occupy the valley of the 
Cireenough between Bindoo and BarraAveelbarra Hills. Small fnit- 
l^ing patches are met with in the headwatere of the Chapman and 
the B(nves Rivers, whilst an isolated exposure occurs in the 1M''^4 
miles cutting on the Geraldton-Cne Railway Line. The beds form- 
ing the series consist of highly inclined sandstones, submarine tuffs, 
grits, and quartz conglomerates, all of which seem to have a pre- 
vailing dip to the eastward. No estimate however of the thickne^Js 
of these beds is possible. It is these beds which can-y the copper 
<leposits of Arrino and Yandanooka. 



The Carboniferous Rocks occupy a fairly larjje area in the 
valleys uf the Loekier and Irwin Rivers, and the upper portion of 
KiX'katea Creek, but the northern extension of the beds has not 
as yet l)een defined. The strata, which are fossiliferous, consist of 
shales, days, sandstones, and limestones, together with oecasiona^ 
bands •►f ironstone. So far as Mr. Campbell's observations have 
been carried, it appears that the beds are arranged in a very broad 
anticlinal fold, the axis of which trends generally north and south- 
One veiy important feature in the series is the recognition of 
a glacial boulder bed, the debris of which strews the surface- 
for a considerable distance. The boulders consist of a hetero- 
geneous collection of granite, gneiss, quartzite, basic lavas^ ete.,. 
many of them being beautifully glaciated. The debris of the boul- 
der bed occurs more or less regularly along a general north-west 
direction ovev the whole area of the Coalfield, and appears to mark 
a ver>* important geological horizon. The boulder bed, according to- 
Mr. Campbell's observations, does not appear to lie exactly at the 
base of the Carboniferous Series as developed in this portion of 
the State, and is in all probability the southern extension of that 
<K?eun-ing in the valleys of the Lyndon, Lyons, Grascoyne, and 
Wooramel Rivers, which are described in Bulletin 33. 

rpon tlie denuded surfaces of all the preceding rocks the 
Jurassic strata were laid down, and occupy about two-thirds of the- 
country examined. The beds consist largely of sandstones, clay- 
shales, limestones, and liere and there small patches of lignite. The 
beds are pi-actically horizontal and have been very little disturbed 
from the position in which they were laid down. According to Mr. 
Campbell's estimates the Jurassic beds attain a thickness of at least 
.S,000 feet. The plant remains found in these beds seem to indicate- 
an early Jurassic Age. 

To the Jurassic beds succeed a series of limestones and aren- 
aceous strata, referred by Mr. Campbell to the Tertiary. The basal 
beds of the Series are seen unconformably resting on the Jurassic- 
rocks in the valley of the Hutt River, near Lynton. The Tertiary 
limestones and sandstones everywhere occupy a relatively narrow 
strip of country, which does not extend for any great distance in- 
land fix>m the coast, though in certain localities they rise to ahi- 
tudes about 800 feet abo\'e the U^vel of the sea. Veiy many pic- 
turesque caves occupy this formation, full details in connection with 
which are given by Mr. Campbell, their position being indicated on 
the ma\*>. 

Tn addition to these beds the coast is everywhere flanked by 
sandy and coralline limestones, as well as sand dunes, which latter 
often rise to 300 feet above the sea, though with one exception they 
are mostly confined to a strip about half a mile in w^dth. 

C*ertain interesting moraine-like lines of rock in the vicinity 
of Mt. Hill have been noted, described and photographed, and to- 
these ^^^l'. Campbell ascril)es a glacial origin. The evidence, how- 
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•€ver, in favour of this is not by any means conclusive; the deposits, 
however, appear in many i*espects to resemble those tahises of 
stony debris which often foma at the base of many escarpments. 

Mr. (^ampbell, in addition, pves full details as to the diatoma- 
•ce^us earths, o:uanos, the salt deposits at Hutt Lagoon, and other 
-economic products met with during his woi-k. 

A. GIBB MAITLAND, 

GOVERNilENT GeOLCKUST. 

Geological Survey Office, 

Perth, loth September, 1909. 



THE IRWIN RIVER COALFIELD AND THE ADJACENT 
DISTRICTS FROM ARRINO TO NORTHAMPTON. 



PREVIOUS OFFICIAL KEPOKTS. 
Ill the Report of the I)ej)artment of Mines for the year 1895. 
the foHowiiii*: report by Mr. H. P. Woodward, then Grovernment 
(ieuloLrist, appeared, accompanied by a sket<?h map, dated the 14tb 
of January, 1896: — 

THE IRWIX COALFIELD. 

Tho Irwin Coalfiehl is situated upon what is jjeuerally known as the 
UpptT Irwin, or, in other words, the area drained by the various eastern 
branches of the Irwin River. 

This tract of country lii's between 'M) and 40 mik\s from the coast, 
and is extremely fertile. The soil for tlie most part consists of rich 
r(H\ loam or elay, winch yields, year after year., fine crops, even when 
cultivat«*tl in the most primitive manner. The jjreat drawback in this 
disTfict is the searcity of fresh water, and to this fact may be attrib- 
uted the snmll amount of settlement that has taken place, for Imil 
frer^h water been easily proeurable there is not the least doubt but 
that it would have been lonjr ago a large wheat producing district^ 
sinc<' the land can be cheaply prepared for the plough, and as there 
are no rock outcrops anyone taking uj) lan.l can cultivate the whole 




Valley of the Oreentrook, two miles north of Mount Scratch. 

Fig. 1. 

of it. The soil of this area is of great depth, resulting as it does from 
the dectwnposition of the carboniferous shale beds; it more nearly re- 
.seinbles that of the agricultural districts of England than that generally 
met with in th'S Coh.ny, ^^l^ich is. as a rule, of no great depth except 
in the gullies, and even there out'-rops of rock are often met with. 

(Fig. y.) 
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TIio carboniferous basin spreads out to the eastward, inverinj! 
•a fau-«hape«l area, which is surrounded on most sides l)y cliffs of 
liorizontaHy bedded sandstone, about 200ft. in heijjht, which form the 
•edjfe of the sandy tableland, and it is at the base of these beds, wheiv 
they rest directly, but jfenerally uucomfonnably upon the shales, that 
uprinjTH break out at several places, which form the principal water 
supply of the district, since in most of the wells sunk brackisii water 
has been met with, but where fresh water has been struck the su|)]ily 
prove<l generally to 1k' too small to be of any jjreat \'alue. 

Indications of coal were iirst reported to exist upon the Irwin 
River, by (Jrejfory, in the year 1S46. which report was a little later 
confirmed by the Geolojfist (Dr. Von Sommer), who state<l that thetr 
were two seams 6ft. and 8ft. in thickness respectively, and it was \\\mm 
this report that the (government declared a reserve of lO.OOU acre?. 
For over .30 years this imjmrtant discovery was not investi>jated further: 
but, in the year 1879, the Lejjislative Council voted the sum of €lO(i is 
order to test the quality of the coal, with which object a shaft was sunk to 
a depth of oOft., in which, althouj^h no coal was struck, the indication 
were considered promising. A little later the Oovernment sent the R^t. 
Mr. C. G. Xicolay, M.A., who reported that, on account of the great 
quantity of water met with in sinking; and the j>oor quality <»f the 
•coal, the discovery was of no value. 

The field was therefore abandoned until the year 188S, when Messrs. 
Bell an<l Eliot found some frag^ments of coal in the bed of the North 
Branch, which proved to l)e of a very fair quality. These they traco-i 
up to their source, which they found to be a seam of about 4ft. in 
thickness, into which they put a drive loOft. down the dip, but althou^ 
it improved lM>th in size and quality it did not prove at the time to l* 
of sufticicnt value to induce them to ex[)end any more nmney upon i^ 
development. Another lower seam of smutty coal, about 2ft. in thickness^ 
was also opened up, and about 10 tons raised, which proved to be of « 
rather better quality, but work was then discontinued owing to the break- 
ing up of the Company. 8ome more seams were also opened up upon 
another branch, but they did not prove, at the time, of any value, od 
account of there being no local demand for coal, and also because tbf 
qimlity was not good enough for export. 

The carboniferous area spreads out from Mingenew in an eastcrlj 
direction, covering an area of about 200 square miles, its greatest 
length from north to south, from Badgeree Pool upon the North Branfh 
to Mt. Scratch, being about 30 nules, whilst its greatest width from 
Mimrenew to Narandagry, upon the Lockier River, is about 17 niiit^ 
To the north-west this area is bounded by the high sandy tablelan'l 
which extenjls away to the northward as far as the Greenough River- 
Tlie south is bounded for the most part by the low outcrops of mcta- 
ittorphic rock, which contains many copiier lodes; to the eastwarjl ^! 
the y)old escarpment of crystalline rocks, flanked by horizontally becWf^ 
Tertiary sandstones, which often j)rc*sent towards the plains vertic*^ 
cliff faces of as much as 200ft., particularly where streams have eflt 
deep channels through them; whilst to the westward it is bounded by 
more high sandy ))lains which extend as far as the coast. Of 
these boundaries, that to the south and east nmy be taken ^ 
the (U-finite edges of the Carboniferous formation, but that to the nort^ 
and wfst only as provisional, since the san<lston(»s which form the liip^ 
aand plain in these directions are of a much more recent date, and iu»y 
overlie extensions of the Carboniferous formation, and since we kno^ 
that (*arboniferous rocks outcrop in the river valleys further to th«' 
northward, it is highly probable that they are part of the same fornix 
tion; and if this should prove to be the case, valuable coal deposit*" 
may be found beneath the high sand plains which lie between the Irwii** 
iireenough, and Mure hi son Rivers. 
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The Carboniferous formation consists of a series of beds of shale^ 
8sin<lsrone, and limestone, the latter being rich in Lower Carboniferous 
marine fossils, but since these beds dip under the coal bearing series, 
it is probable that the latter may belong to the Upper Carboniferous 
|KTio<l, but this has not yet been determined. The thickness of these 
formations exposed in cliff sect'ons is about 3()0ft., but from trial bores, 
wells, etc., sunk on the plains further to the westward, we know that 
shale beds of great thickness underlie the fossiiiferous limestones. 

The eoal measures seen in sei'tion consists of: — 

feet. 

Yellow sandy shale, about . . . . . . 10 

Coal . . . . . . . . . . . . 3 to 5 

Sandy shale . . 10 

Blue shale 10 

Brown shale . . . . . . . . . . 20 

Coaly ahale . . . . . . . . . . 4 

Yellow shale . . . . . . . . . . 15 

(Jrit (3 

Blue shale . . . . . . . . . . 4 

Coal 2 

Dark shale 20 

Cpper or coal bearing series . . . . . . lOo 

Hen- a break occurs, but as the Recent ferruginous sandstone 
formation, which caps all the cliff, descends and covers the passage 
IhmIs, it is impossible to say what relationship the upper series bear to 
tIh.' lower, which latter consist of: — 

feet. 

Mottled sandstone . . . . . . . . 20 

Calcareous sandy shales . . . . . . . . 40 

False-bedded sandstone . . . . . . . . .5 

Shaly sandstone . . . . . . . . ."5 

Calcareous sandstones, often shaly (fossils) . . 30 

Blue gypsum shales (fossils) . . . . . . 20 

Blue shale . . . . . . unknown 

Thickness expose<l . . . . . . 120 

Mr. K. Ktheridge, F.R.S., reports on a sample submitte<l to him: — 
** ft is a dull, soft, impure, sooty coal, ignites quickly, and burns to a fine 
ash, giving out great heat. This sample, although impure, is not a 
lijriiite. It resembles 'Mother Coal,' bands of which often occur in 
th»* coal measure seams, interbeclded between thick coals of the best 
quality.* It appears to me to have been taken from near the outcrop, 
or at a little depth from the air. Xo woody, earthy, or sedimentary 
matter occurs in this sample, and although far less valuable than Nos. 
1 and 2, yet it is quite equal to much of the coal used on the North 
(merman railways, and is (although inferior) a true coal measure coal 
and not a lignite. No evidence of a ligneous structure could he observed 
under the microscope." 

The fossils are all of characteristic Carboniferous age. and although 
there are no coal measure plants, there is no reason to doubt that the 
i'oal seams and associated limestone belong to one and the same age, 
i.e., T'arboniferous. ^ 

The coal itself occurs in thin seams mixed with coaly shale; it is 
dirty to the touch, and contains so much water that it falls to pieces 
on r»xpo8ure to the atmosphere. 
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Two assays mailo in London gave the following results (Xo. 1 
was by Mr. liarlan<I, an<l Xo. 2 by Mr. Wingham), whilst Xo. o wag 
maile in Perth by the Government Assayer: — 

1 
Water .. .. 17.04 

Volatile matter . . 28.1)1 
Fixe<l carbon . . 41.29 

Ash .. .. 13.06 



100.00 



2 


3 


12.4 


10.63 


32.2 


23.01) 


43.0 . 


. 39.32 


11.9 . 


. 21.99 


100.0 


. 100.00 


0.S3 


. . Trace. 



Sulphur 

The large amount of ash may, in part, be due to extraneous earthy 
nuitter. The coal cannot be utilise<l for gas making, as it iloes not 
cake, and the coke formed, being in ]n>wder, is valueless; but tht* coal 
fan \w use<l for steam boilers and household purposes, and for those 
metallurgical operations in which a particularly high temperature is 
not require<l. 

All these samph^, it must be remembered, are of highly weathered 
coal, an*! were taken from or near the cliif face. If any samples wer«^ 
assayed from the en<l of the drive they were done privately for the 
Compuiiy, and the results are not obtainable, whilst at present the <lrive 
is full of water. When it is remembered, therefore, that it is only 
outcrop coal, we have every reason to predict that it will improve 
greatly when o[)ened up further, and should prove to be a very similar 
coal to that being worked at the Collie. 

The Midhmd Railway ('omj)any, upon whose concessions the Coal- 
field is, have imt down several bore holes to test it, but most of this 
work has been done without system, whilst in the deepest bore, which 
is something like oOOft., they abandoned work just as they struck black 
shale. The known outcrops are almost upon the line of the projiosed 
railway between Mingenew an<l Mullewa, and therefore will be of great 
value to the Murchison Goldfield, where the great scarcity of fuel is 
already being greatly felt. Therefore, although it is not a first-class 
coal, it should be abk- to hold its own against imported coal, when 
we consider the extra handling, shippage, carriage, duty, etc. We may 
therefore hoj)e before long to see this long neglecte*! field the centre 
4)f a thriving industry. 

A belt of Carboniferous country, about 20 miles in width, extends 
from the Frwin River to the northward, crossing the (rreenough, the 
Murchi.son, the Wooramel. the Ciascoyne, the Lyons, and Minilya Rivers, 
then s])reading out over the Henry, Ashburton, and Fortescue Rivers, 
and forming the great tablelaml at the head of the DeGrey. It i5 
true that up to the ]>resi'nt only carbonaceous shales have been found, 
and the fossils all belong to the Lower Carboniferous or even to the 
Devonian series, but when the enormous area over which these rocks 
extend is taken into consideration, and that they dip under the Mesozoic 
formation t<) the Westward, it is highly probable that true coal measures 
do exist further north than the Irwin; but this point can only lit* 
proved by boring, and this work shouhl he started at once along the 
Cue-Cieraldton railway where it cross»\s the sand plain to the westwanl 
of Mullewa. 

Re|>orts were made in 1901 and 1903 by Mr. A. Gibb Maitland. 
Government Geologist, on the exploratory boring operations tlieii 
being made; these wei^ published in tbe Annual Progress Reports 
of the Geologioal Survey for those years and will be referred to 
8ubse(|uently. 
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CRYSTALLINE ROCKS. 

Ill addition to the position of the crystalline rocks in tiie dis- 
trict described by Mr. Woodward in the above report, there is an 
outlying rans:e of granite extending from Arrino nearly t(» Min- 
.irenew, a distance of 20 miles (Plate I. and Fig. 3, also ncuative 
Xo 12). The highest points of the range are four miles south-west 
from Arrino Station (l,27()ft.) and Mount Mu^gawa and .Mulin- 
jLrara Hill, live and a half and thirteen miles northerly from the same 
point, each about L2.'U)ft. The gianitic rocks of this range vaiy 
considerably in cliaracter: at Arrino there is a silicei>ii> iiranite 
[7587], at Mount Mugijawa there is a gneiss [5240], at M.L. 12. 
Arrino [4912], and at th.e hill east of the Vandanooka Homestead 
[5235] is garnetiferous granite, while farther north it het-omes 
iineissic again and contains pegmatite dykes [7659, 7660], also a 
finer crystalline form [7872], which Iniler also lorms the ontlyinii 
mass of granite to the northward forming the Hrockman Hills. 
The western boundary of the uranite is mostly hidden by tiie sand- 
planis, but can be seen where valleys have cut thronuh the over- 
King strata, more particularly at the Lockier and the North and 
South Branches of the Irwin River [7704, 7705]. Wheie the highly 
inclined sedimentary strata along the eastern boundary of the out- 
lying granite range at Yandanooka can be seen to abut against the 
cr>'staiiine rocks, there is a margin of mica schist [6658], which is 
a result })robably of pressure and chemical change of the gianite. 
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Irwin Biver Falls. 

Fig. 2. 

The same causes have eciually operated on the strata, transforming 

Hiem into quartzites. It is also adjacent to this mar-iin (»f the 
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irninitc' tlint m*)sl of the copper ores wcur as at Airino and Blount 
Mnir-awa [4897-4900, 4912-3]. The lotles have mostly the same- 
clinH*tit>ii as tlie (|uai'tz leefs in their neijjlihourliood and shown on 
tlie map. viz., ahont 40 dejrrees west of noith: they ai'e short and 
nnderlay stee|)ly to the west. These <iuartz reel's are few in numher 
and are of .small size. 

The iiianite forminjr tiie main ran*re of the inland plateau is 
met with ahout Hfteen miles east of Minj^enevv, trendinjir parallel with 
the (*»)a>i line. It attains heix? a jreneral elevation of about 1,400- 
feet and has a frneissic and porphyritie character, and there are 
occasional dioriie dykes traversinir it on a bearing a little east of 
north. Its boundary forms the Falls of the Irwin River, which 
aie al)»»u; oOt't. hijifh. but at the Lockier River it is not so marked. 
( Fi^. 2, Negative 34^') [7653/4, 7703/5, 7791, 7856/6, 8013, 8067] ; 
descriptions of the.se are jriven in the Brief Notes on the Irwun River- 
Rocks, pp. 1);^-1)M. ) There does not appear to be any creneral 
fault boundary of the j^i'anite, but the range presents work and 
rounded surfaces over which possibly an ice cap, or glaciers, de- 
scended into the sea where the saline clays, shales, and boulder beds- 
were deposited. 




Mount Misery. 
Fiff. 3. 



Tn the Corynginia Gully the sandstones adjacent to the granite 
aie faulted in various dii-ections, which probably indicates that the* 
i:ully had its origin along a fault line [7793] and possibly also a 
crushing of the sedimentary strata against the granite. Several 
(juartz reefs, having widths of from 20 to 90 feet, can lie seen 
crossing the Rothsay Road a few miles eastward of Ebano Spring. 
in directions nearly at right angles with each other, viz., 20 and 
TOO <legrees: these have mostly a whit« and gi-anulated character. 
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:S pecks of gold are reported to have been found about here by 
fencers, but no assays appear to have been made. The (iiiartz reefs 
here are not attractive in reirard to j^-ohl possibiHiies. liavino- a 
barren appearance, which however mav not l)e a true criterion 
[7655, 7868]. 

In the neijrhbourhood of Peterwan>»:y Hill, 30 mile^;* north- 
-vveslerly from here, there is an extensive area of iKunblendic smeii^s 
and schist accompanied by (juartz reefs; a little uohl was found 
in the year 18G8 on the eastern side of the hill in some shallow 
alluvial: the find, however, did not amount to more than "colours,'' 
but it occasioned the first gold rush in the State [7707 9]. 

Occasional fnisjments of antimony and plumbauo are said to 
have been found in the Uppei* Irwin district, also some lodes con- 
taining lead ore, but no instances have come undei- notice during this 

: survey. 



The Granite Valley of the Oreenough Biver. 
Fig. 4. 

Granite and gneiss appear again GVo miles from the coast at 
the Greenough River, 47 miles due west fiom the Irwin River Falls 
: already mentioned, and extend northwards with a general width of 
about 16 miles to the Murchison district (Figs. 4 and o). but ai-e 
covered in places with outliers of the sandstones that at one time 
• covered its whole surface but which have since been denuded to a 
large extent [3941, 3946, 3949, 3685 and 25, 198/9, 4847, 8824]. 
In this area, which may be described as the Xm-thampton distiict, 
the granite and gneiss are mostly garnetiferous and distinct from 
the granite of the country from Ebano Spring to Kockatea Spring 
previously alluded to, which does iu>t contain accessory minerals 
and may possibly be of a different geological age. The crystals of 
g^arnet are mostly small, but in some instances they attain a dia- 
meter of half an inch [8685], and are always full of fractures due 
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pmiiably io the pressure of the ervstallisiujr (juartz and felspar 
[10. 34, 176 8, 3022, 3170. 3946, 4050, 4787/8, 4868, 4897, 8067. 
8809, 8813, 8819, 8826]. Tlie denudation of this larjje extent of 
iranu't vn-k has caused the sand of the sea beach from the Murchison 
!{iv"i- Id (ierahlt<»n to be ijanietiferous [4793/4]. 
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Sandplain five miles east of Northampton. 

Fig. 5. 

Tourmaline is a fre<iueut accessory mineral in the Xorthamptcm 
(lishicl t'oiuiiuii occasionally toui'maline «*ranite [22]; the crystals- 
arc nttcn lar-e and ^veIl formed [18. 19, 197, 205. 1605, 4016, 4803]. 

(iiapliiic has In'on found in several places as at l.oc. 2674, 
about 1 ' i» miles west of Nornnin's AVell, and at the Waneranooka 
Mine, and shay ])ieces have been ])icked uj) at Loc. 48 11)82 on the 
ea^t Inanch of the ('ha])man River. It has not been found, how- 
( ycr, in maiketable (piantities [20. 4057, 6293. 6639, 8851]. 

Mi'-aceous varieties of izranile are not fre(|uent and are mostly 
assnciaU'.l with peumatite veins, the mica beinj»' chieHy muscovite. 
At Loc. :>078 near Nonaa llill, mica crystals over four inches 
diameter arc (ditainable. Two belts of mica schist occur at Loc. 
.'i;U crossiuL*- the lode of the Wheal Fortune Mine, Northampton 
[23, 196, 6357, 8613, 88521. 

Tlicie is on the other hand a frecpient absence of mica, thus 
formii:u aplitc and the varieties of this rock known as pegmatite 
and -raphic -lanite [21, 198 9. 4057 8. 4785 6. 4847, 6356, 8796]. 

l*»Mphyritic structure can be observed occasionally as at the 
\\]wi\\ Klfen mine [177] with orthoclase fe'spar [21,^31, 194/51. 
A (|nari/- felspar pcui^hyry was noticed at Tibraddon [6661]; this 
specin:cn was slated in error in Hidletin No, 21). p. 3(), to be a 
dioiirc. 
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The gneissose variety apparently occih*s in broad zones in the 
g:ranite. and these a^ain have well-defined belts of schisted gneiss 
evidently denoting lines of stress [3946, 8809, 8819]. A zone of 
this rliaracter is largely prevalent along the western margin near 
the coast, and can be seen at Loc. 2249, Oakagee River [8857], and 
at LiH'. 1467, Oakabeila River, where it is greatly contorted. At the 
Bowes River, Loc. 2777, about one mile nm'th-easterly from Willow 
Gully Homestead, it forms a prominent ridge. Another zone occurs 
at two miles north-east of Fossil Hill, Narra Tarra, and at the 
Yanuet Hill near the eastern margin of the granite [8794]. Sev- 
eral zones of a similar character designated "quartz schists'- (aplite 
gneiss) and "schisted zones of mica schist" are indicated on the 
Noitliampton Geological Map, and they almost all have a north- 
westeily and south-easterly direction. 

A brecciated granite evidently denoting some upheaval during 
the solidification of the mass occurs at the road crossing of the 
Chapman River at Loc. 2402 near Carney. Here there is a coarsely 
crystalline granite enclosing blocks ranging up to 18 inches in dia- 
meter composed of a finely crystalline garnet granite, giving it 
alnH)>t an orbicular appearance [8815/6]. 

The hornblende schist and diabase of Peterwangy Hill may also 
represent another crush zone of the granitic rocks, which may be 
rei)resented again 24 miles south-easterly at the line of similar hills 
crnssing Loc. ;U18, seven miles east of Vungarlo Well [7707/9]. 
These hills continue in a south-easterly direction towards L(K*. 3084 
whei*e there is a lava outcrop trending nearly east and west. The 
strata adjacent, composed of sandstones and mudstones, are greatly 
silicified [7858/61]. 

An interesting group of dykes occurs at the east branch of the 
Chapman River, north of Beatenally Hill, and includes basalt, norite, 
and diabase [8808/11]. Norite also occui-s two miles south-east of 
Norman's Well, about 16 miles northerly from the other locality. 
The large number of diorite dykes in the Northampton area is very 
noticeable, these all trend about N.N.E. and S.W. and their occur- 
rence has doubtless an intimate connection with the deposition of 
lodes of copper, lead, and zinc in their vicinity. 

Lead and copper were discovered near the present site of 
Northampton as early as 1842, and in 1848 important deposits of 
lead and copper were found on the Murchison River (Plate XL), 
and the land in which they occurred was sold in the following year 
by auction at £1 per acre and the (ieraldine mine was then opened. 
The minerals were continued to be sold with the land until the year 
1898, by which time most of the finds of ore had passed into pri- 
vate hands without any obligation for tiie working of the ore. 

The above remarks are taken from a typographical copy of a 
most able account of "The Development <»f Mining Law in W.A.*' by 
Mr. A. C. Veateh, Geologist, U.S. (Geological Survey, in the pcsscs- 
sion of the Department. 



18 

This private o\viiei*ship has not had a salutary effect upon the 
development of tlie mining industry, and the Mining Act of 1904 
has been inoperative in r^«ard to the privately owned land. The 
Mining on Private l^roperty Act of 1st January, 1899, has not been 
found to be of much assistance towards making acc*essible tliese 
minerals. The low market value of ore has also discouraged de- 
velopment work, and there is practically no mine being worked in 
the district at the present time. 

Most of the Northampton mines were described in 1903 by Mr. 
H. P. AVoiKlward and Mr. John Pi-ovis, and Mr. A. Gibb Mai t land in 
Bulletin Xo. 9 of the Geological Survey, which was accompanied 
by a Gt»ological Map on a scale of half a mile to an inch, by the 
latter gentleman. The following connections however require to be 
mentioned:— Bulletin No. 9, p. 14: In description of Gray's Lead 
Mine, for block 29 read 470; p. 18, for Wheal Mai-y Lead Mine 
read Wheal May Lead Mine; p. 20, South Geraldine Lead Mine, for 
IjOc 9 read M.L. 109; p. 21, for Two Sisters read Three Sistei-s. 

Mr. A. Montgomei-y, the State Mining Engineer, in his rejwrt 
on the Northampton Mineral Field of 3rd March, 1908, has also 
described most of the mines. 

The following notes are additional to the already published de- 
scriptions of the mines: — 

NORTHAMPTON LODES. 

Locs. :2342 and 2346. — ^Lead. 2 miles west of Northaniptoii. 

Loc. 2755, Burnt Iron Copper Mine. — Copper. One shaft, no dis- 
tinct lode found. 

M.L. 1, Kirton 's.— Lead. Strike 30 to 35, dip 75 E. 

M.L. 6, Uga. — Lead. Dip W., lode 8ft. wide, shoot dips N., worked 
to 70ft. depth. 

.M.L. 7, Nooka. — Lead. Width of lode 2-8ft., water stop|>ed work. 

M.L. 9, Alpha. — (.Copper. Strike 15, dip W., lode about 2ft. wide. 

M.L. 33, Wheal Beta. — Copper and Lead. IV2 miles N. of North- 
ampton; several shafts, some stoping done. 

M.L. 38, Victoria.— (Copper. Strike 15, dip W., lode about 2ft. 
wide. 

M.L. 51, Alma. — Lead. Lode width 2i^ft., good galena bunches. 

M.L. 76, Yiappa. — Lead. Lode width about 3ft., with 6in. to 18in. 
rich galena, over 800 tons raised. 

M.L. 77, Lauder's. — ^I^ead and copper. Strike 178, dip 75 E., lode 
3ft. wide, one shaft 30ft., 15 tons raised, 3024. 

M.L. 78, Geraldton. — Lead. At north boundary of Loc. 118, Narra 
Tarra. 

M.L. 88, Sunny Corner.— I.^d. South of Nanga Hill, 2 parallel 
lodes, 2 pits only. 

M.L. 89, Wheal Margaret.- Copper. Strike 23, dip 85 W. 

M.L. 91, Jack's Well. — Copper. 2 miles south of Jiberno Spring. 

M.L. 103, Cornstalk.— Lead. 1^ miles N.E. of Isseka Siding. 

MURCHISON LODES (see Plate IL). 

Loc. 4, North Geraldine. — Lead. Dip 73 N.W., stoping done to 
about 30ft. depth. 

Loc. 5. — Lead. Lode parallel to Lady Florence. 
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Loc. 6. — Copper and Lead. Dip 70 N.W., situated 1 mile south of 
Loe. G, one shaft sunk. 

Lo<'. 10. — Copper and lead. On west side of a diorite dyke, no 
work <lone. 

M.L. 44, Reynold's Mine.—Lead. Strike about S.E. and N.W. 

M.L. 61, Welcome. — ('opper and lead. V» i"il^ S.W. of Loe. 10, 
on a continuation of that lode. 

M.L. 80, Ethel Maude. — Lead. Distinct but parallel to lode in 
Loc. 4. 

M.L. 95, Hennings. — Lead. Strike LSO, workings to 25ft. deep; 
stated to have contained silver up to 2oozs. per ton. 

M.L. 104, Wheal Mary.— Lead. 

M.L. 10(5, Wheal Thomas. — Lead and Copper. 

M.L. 117, Nooka.— Strike 205, dip 75 W., lode 2-8ft. wide, worked 
to 90ft. 

GENERAL NOTES. 

Loc. 1, Geraldine Lead Mine. — The lode has a N.E. and S.W. strike 
and is in the bed of the river, which is subject to frequent floods, 
and ris<'s occasionally to a height of 30ft.; in summer it is dry. 

Loc. 2, Lady Florence. — Strike approximates to the last. Dip about 
,S0 N.W.; 8tope<l to about 70ft. <lepth. 

Loc. 1472, Baddera. — There is a new shaft 160ft. d(»ep with a 
drive towards, but not so far as, the lode. Strike 222, dip 75 N.W\, shoot 
dips south. This is the most promising lead mine in the district. 

Loc. 314, Bandy's Vanganooka Copper Mine. — Continuation of the 
west lode of the Yanganooka mine; shaft about 30ft. deep, showing 
grey ore. 

Loc. 335. Woomboarra. — One mile south of Martin's Spring mine; 
strike 240, dip 70 E. 

Loc. 436. Rhy's Lead Mine. — Continuation of lode in Loc. 334; 
underlay 75 E. 

Loc. 21, near Tsseka Siding. — Several shafts have been sunk 20ft. 
to 30ft. on a copper lode. 

Loc. 832, McGuiro's. — Several shafts have been sunk on each of 
the two lodes and stoping has been done on both. 

Loc. 470, The Saxon Lead Mine.— Strike of lode 157, dip 63 W. 

Loc. 4, White Peak. — Lode strikes 110; two shafts, now caved in. 

Loc. 833, Narra Tarra Leail Mine. Recent work has been done 
on the eastern lode; machinery of latter in working order. The two 
lodes here dip towards each other. 

Loc. 1146. — The ore shoot dips south, lode 12-15ft. width, containing 
leaders of lead and 6ft. of solid lead ore. 

The area occupied by the crystalline rocks in this district was 
indicated on a map of *^TIie Mineral leases of the Northampton 
District" on a scale of ^2 ii^<'h t<» a mile, published by the Mines 
Department on 12th December, 1901, No. 129. A (Jeological Map 
and section of a portion of the Greenough River District apj>eared 
as Plates V. and VI. of Bulletin No. 26, with a brief description 
on pp. H4-(>. 

It is evident on examination that the .snrface of the granite 
was greatly eroded and weathered piior to the deposition of the 
sandstones, this can be well seen in the fireenough valley around 
Minnenooka and Tibraddon (Figs. 4 and 7, neg. 254 /5, 368, 462), 
also around Newmarracarra and at the deep railway cutting east 
of No. 1 tank, 10% miles (Plate IV. and Fig. 6), also at 
Fossil Hill, Narra Tarra, which has a patch of sandstone left on 
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the tt)p and down stream side of the oh] granite hill. The name 
Fossil Hill has been evidently given by someone who mii?took iron- 
stone eon(*retions for fossils. 

The fit-(inent presence of sliekensides in the kaolin of the high 
level ground as at Loo: 28ol, east of MeGuire's Siding [8691] and 
at L<K*. 11)18, south-eai^t end of (leorgina road, (Jlreenough 8(K)9, also 




-^Jl f^Mr^''^ ^^ir ' » ?59^^: 



Cue Railway Cutting at ISVa miles. 
Fig. 6. 

shows that before tlie granite surface was covered by supcrin- 
cnmben-t strata, the granite was kaolinised. The slickenside character 
beintj due to pressure. 
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QUARTZ COXGLOMERATKS AND SUBMARINE TUFF. AGE 
UNDETERMINED. 

On the east side of the outlyiiijr jjianite raiijie at Airino and 
Yiindanooka there are a series of sandstones, submarine tuffs, grits, 




Granite underlying Jurassic Beds. 
Fig. 7. 

^i:d quartz eonuloinerates that have an easterly dip ran<»:in<; up to 
6'jde«:. ; they vary considerably in the (M)ndition of solidification, in- 
-duration and nietamorphism. The (juartz eon «rh>nie rates and in- 




Quartz Conglomerate, N.E. of Mount Misery, Yaudanooka. 

Fior. S. 
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See negatives 14 and 37.5 [4903/7. 5236, 5242, 7580, 7585]. These 
tuffs apparently represent sedimentary volcanic ash of a basic or 

felsphatic nature, and they merge in places into a volcanic agglo- 
merate. 

The following is an analysis of a typical sample of this tuff by 
IMr. E. S. Simpson : — 

Reg. No. 6360. percent. 

Silica, SiO^, 67-56 

Titanium oxide, TiOa -75 

Carbon dioxide, C0.2 3-37 

Phosphoric oxide, PaO^ .. .. .. -71 

Water, HaO (combined) .. .. .. 1-56 

Soda, Na-^O 1-72 

Potash, K.2O 2-39 

Lime, CaO « .. .. ., .. .. 5-75 

Magnesia, MgO 2-48 

Manganese oxide, MnO . . . . . . '25 

Iron protoxide, FeO .. .. .. .. -91 

Iron peroxide, FcaOa 3-07 

Alumina, ALjOh 9-27 

Pyrites, FeS.2 Fe -04 

Si 05 

Water, H2O (hyg.) -53 

100-41 

Specific Gravity . . . . . . . . . . 2-65 

This series probably appears again at the deep cutting of the 
No. 1 tank on the Cue Railway at 19% niiles. The base of the sec- 
tion is decomj)osed gneiss having an eroded surface on which is a 
fine-grained soft sandstone of the tint of burnt umber that bears 
-some outward resemblance to the volcanic tuffs of Arrino. The upper 
'isurface of this sandstone is eroded, and through both the granite and 
sandstone a fault passes, but it does not penetrate the superin- 
cumbent fossiliferous limestone and ferruginous l)eds of Jurassic 
:age [8804-6] Fig. 6 and Plate IV. Patches of this old sandstone 
]>robal)ly occur throughout the 23 miles northerly to Xorman's Well 
where it is greatly silicified and rests on granite; both are i)enetrated 
by a galena lode [8820-2, 8828-31, 8868-70]. Althcmgh the tuffs 
are penetrated by lodes there have n^)t been any instance where 
•diorite or other d\ives have been noticed in them of the quartz con- 
glomerates. 

Veins of copper ore have been found to occur both in the 
granite and gneiss and in these tuffs and sandstones. Prospecting 
and mining operations have been in progress hei*e for short periods 
^ince about the year 1868, which has caused some attention to be 
given to the geology of the district as embodie<l in the Report of 
the Geological Survey for the year 1903, pp. 13 and 14. [4901, 
4911, 6360. 7343, 7580, 7582/4, 7586, 7594 5, 7589. 7590. 7649, 
W78/9, 8080/1.] 

Mineralised country also exists towards RotJisay, about 40 
miles east of ^tingenew, for the Land Inspei'tor sh<»wed the writer 
some sample-^ of copper ore that he had brought from thai district. 
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^Ir. Caniin, Uovernmeiit Surveyor, has also shown to the writer 
a sample of a ma«:iietic iron lode which he states covei*s a larae- 
hill a')ont .'>0 miles east of Carnainah, evidently on the same mineral 
belt. 

Kastward from the main line of jjranite at Ebano Sprino: the 
elevation of that ranjre or ramp is maintained and the aspect of the- 
country becomes undulatinir with occasional hills ranjiinjr up to* 
1.70(1 feet in elevation. It is composed of it serie.*? of indurated 
.sandstones, etc., which can be seen at the Billeranga Hill, 30 miles 
south-easterly from Miuiicnew. These rocks arj^ there accompanied 
by diorite dykes, (piartz reefs and volcanic rocks (amyjrdaloid) 
[7858 9, 7860 5, 7875 7.] The strata all dip at a hitrh an^le to- 
the ea>l and have been «»reatly silicified by «halcedonic infiltrations 
in the ])roximity of the vidcanic rocks besides havin^^- frequent snr- 
face alterations, desionated quartzite cai)pin«»s, and in other place.s 
havinji^ conci-etionaiy ironstone ^lavel and laterite covering:s. 

The strata here exhibit both surface silicitication and massive- 
ehalcedonic alterations of sandstones and claystones, these are no 
doubt the rocks from which have been derived the laige bl(K»ks rang- 
inir up t<^ nine or more feet lon.y: thai can be seen scattered on the 
spui-s <»f the escarpments and in the oUl hisrh level ^ravels near De 
Burgh Sprin<r and over the adjacent valleys at Greeubrook and 
Irwin River [7788/90. 7844/50^. The countiy further south to. 
Billerauiia Hill is ccmiposed of sandstones and rtaw:gA' sandstones- 
dippino- east with surface silicitication [7862-3. 7875-8]. 



SECTION OF CAVE 




DIAGRAM SHOWING 
SILICIFICATION LAYERS. 



Fi^'. 10. 

Southwards from here the survey has not been ciMitinuous but 
the same series apparently occurs at (\>orow, about 40 miles south- 




HJ f^her, Coyemment Lithographer, Ptrth. W A 



^^^.. ',...ii.-.i me wnttjiiir oi me onicrop ot the lotle ^vas 
^]e^*-ees, the latter underlyins- ap]>arently 60 dejr. to the ^vt^st ; 



tlus. 



api)ar(MUIy occurs at ('o<»n)w. about 40 miles south- 
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«eas<erly, associated with diorite dykes and there is an interesting 
fissure cavern about four miles south-west from the railway station; . 
the insi)eotion of tliis was the object of the writers visit. It occurs 
•in sandstone wiii^h is much silicified down to at least 40ft. vertical* 
depth from the surface, which is as far as the cavern extends. The 
character of the alteration is the formaticm of thin sheets (»r fila- 
ments of chalcedony deposited in festoon-shaped order between 
vertical walls of the same material, fnmi 6 to 12 inches apart, the • 
interstices being composed of loose fine sand and sandstone. The 
•diagi'ams below represent a sketch se<'tion of the cave and the ap- 
pearance of the silicification [8010-2] Fig. 10. 

At Watheroo, about 26 miles farther south, the range in which 
the large cave Jingemia occui*s, containing guano deposits, has been *; 
described by Mr. H. P. Woodward as (piartzite, which probably 
1>elongs to the same series. 

Twenty-six miles farther south again there are massive (|uartzite • 
liills, which are one to two miles eastward of Moora which are also ; 
probably of the same series. [6992-3] Plate 111. 

MINING AT ARRINO AND YANDANOOKA. 

The fii*st trial shafts were sunk at the water course near the 
railway station at Arrino, and at Mount Mug^avva, about the year 
1868 by an English (\nnpany, and from the first-named h^cality 
several tons of ore are said to have been obtained fixHii a 20 ft. shaft 
<»n the south side of tlie watercoui-se, A main sliaft which was sunk 
in the watercourse to a d<?pth of 80ft. did not cut the lode and aj)- 
pears to have reached the gneiss. The ore raised was shipped in a 
<»oasting vessel, the **Kmily," in charge of Captain Harford; this, 
vessel was unfortunately wrecked off the Moore River and the con- 
.signment lost. Several years after the abandonment of the "round . 
a local company w-orked it and a new shaft was sunk S(Kith of the 
-old workings but, although 40 tons of good ore api>ear to have been 
^)btained, the mine was abandoned. 

A brief reference was made to the lodes in this district by Mr. 
II. P. Woodward, in an account of the Principal Mining Districts 
of the State, which was printed as an Appendix to the Catalogue of 
Exhibits at the Inter-Colonial Exhibition of Mining and Metallurgy 
held in I>ondon, 1800, p. 24, and also on p. 12(5 of the Mining Hand- 
book of W.A., 2nd edition, printed in 189.1. 

About the year 1897 this ground was again taken up and about 
18 •tons of stone raised and Mr. Woodward reporting upon the mine, 
stated that the lode wa*< a mass of decomposed schist through which 
rich bunches and veins of green carbcmate of copper are me! with, 
the strike being .Sodeg. west of north and the dip west. 

In a report by myself in 190.3, the strike of the sandstone im- . 
mediately to the west of the northern shaft was state<l to be 163 
degrees whilst the bearing of the outcrop of the lode was l*).) 
degrees, the latter underlying api>arently GO deg. to the west:..t|uB. 
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is sc'en also in tiie old sliat't on the south bank, but a crosscut west 
from the shaft at 451*1. depth failed to reach the lode opened out 
at the north shaft. About 6 tons of ore were raised about this time- 
from the mine by Mr. C C. Cheyne, who had then taken it up. 



TMe shounn^ the. Yield of the Arrino Mine as oficiallt/ reported. 



Year. 



1901 



Name and Number of Leaae. 



Ore 
Crushed. 



Arrino, M.Lb. 3, 4 f subsequently M.L. 12) 

Lady Bertha, M.L. 7 , 

Whe4il Dodd, M.L. 5 .. .. 

Total 3S-50 



Value. 



Tons. 


£ 


2500 


300 


300 1 


27 


10-50 


80 



407 



At Mount Muggawa the principal workings have been along a 
quart zose lo<le line outcropping in gneiss and mica schist about IV2 
miles south-east of the Mount and trending about 30 degrees west 
of north. About the yeai-s 1868 to 1870 five underlay shafts were 
sunk by the Kniglish (^ompany already mentioned, on the east side 
of the lode, wliich dips steeply to the eastward in the surface work- 
ings, but Mr. Woodward reported in 1807 that "the sixth was sunk 
vertically to a considerable de[)th upon its eastern side and did not 
cut it althongh a crosscut is said to have been driven towards it, 
showing that the lode either goes down almost vertically or else has 
turned over and dips to the westward; therefore it would he neces- 
sai*}' to extend the crosscut further." The width of the lode is about 
2ft. ()in.. and a good many tons of ore were raised and shipped at 
Port Dongara, but of the actual quantity there is no record. The 
water in the main shaft is fresh and there is also a permanent soak 
of good water a little north of the mine on the resen'e. 

In the year 1903 copper ore was found about two miles south 
of Anino Spnng and 19 leases were applied for in the neighbour- 
hood, but most of these were socm after abandoned. The writer re- 
ported on the find that "Baxter's mine in the west corner of lioe. 
342*' is ]>rol)ably about five chains east of the granite. Here two 
shafts hiive been sunk and an opencut at the northernmost one; 
both are about (iOft. deep. The strike of the sandstone is 15 de- 
gi'ees and the dip 58 degrees to east with cross faces dipping 70 
degrees to west. At the new main shaft, 82ft. distant south-easterly 
from the last, the depth is 41ft., at which level a crosscut is being 
put in. the sandstone showing staining of carbonate of copj>er. This 
passed through a lode where a bunch of black suli)hide of copper 
JftH met with, ihv bearing of the lode* ibeing L")0 degrees and nn- 
"<*»Iny HO dejzrees to west." 



Since that date tlie workiims have been chielly contined to a 
lai^^e (►pencut a few eliains south-'\ve:it of this, about 12 ft. deep, 
where quite a stoekwork of veins was met with. About 600 tons 
were raised and sent away from here by the Arrino Proprietary 
Copper Mining Company, but since 1906 the mine has ])een idle. 
[4909, 4910/8, 5241, 5243.] 

The following diagram is a sketch section by Mr. E. S. Simp- 
son showing the mode of occurrence of the lode at M.L. 4. Tt ap- 
peared on p. 13 of the Annual Progress Report of the Geological 
Survey for the year 1903; this report also contains two geological 
sketch maps of this mineral belt. 



^^^^^ 




SECTION SHEWING -.OCCUIIRENCE OF COPPER ORE IN M L 4 MONEY MIA. ARRINO . >-^ 

After E- S.Siiap60fl "xss^^" 

Fig. 11. 

At the end of 1905 a strip of land ^/\ mile wide along the boun- 
dary of the gi'anite here for five miles southerly from the Arrino 
tow'nship was excluded from conditional purchase in order to facili- 
tate mining operations. 

Several shafts have been sunk between Mounts Muggawa and 
Miserj^ at copper indications in chocolate-coloured tuff sandstone 
and agglomerate but without much result [4897/9, 4900, 5239]. 

In the year 1907 a copper-bearing vein was found in the noitli- 
western corner of Mr. C. CampbelFs selection 4441 about a mile 
south-easterly from Mount Misery, in chocolate tuff, and at the time 
of my visit in August of that year, a shaft r)2ft. deejj had been put 
down on a crush formation 2ft. 6in. in width dipping 70 de;»rees to 
the south-west and trending north and south, in which were vems 
of ore, some being black sulphide of copper, 7^ -> tons of which had 
been raised and sent to Port Piiie. valued at £96. A sample ob- 
tained from here by Mr. C. G. Gibson, Assistant Geologist, was 
assayed at the Departmental laboratory and gave a result of Copper 
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3.'{.1() per cent.. Gold 21 i^iaiiis per ton, Silver 1(5 dwts. 7 urains per 
ton. Tliis rich j)ockol however was but a Miial! one [7342/4], 

About 1^2 unles north of "Granite*' hill at Yandanooka, a shaft 
was sunk in volcanic a.i^jrlomerate whei'e some green carbonate of 
co[>per occurred but no defined lode was found [8078/9, 8080/1]. 

Nearly four miles north from here, in the south-west corner of 
hoc. HMm, a copper vein was found by Mr. Beaton when excavating 
the tank and some of the ore was shown by him to Mr. Kellelt, a 
geologist employed at the tinie by the Midland Railway Company, 
who is leported to have thought highly of it, but no further search 
wa*4 made, and the s))ot is now occupied by the water of the tank 
[7649, 7650]. Other coi)i)er indications ap|)ear to have been found 
about 1*2 niiles farther north, and a small pit was sunk on the spot 
many years ago. 

At Mount Scratch, in Loc. 3r)S, a shaft was sunk in the tiiff^ 
where green malachite and particles of native copper had been 
found; two other shatts were also sunk about a mile south-easterly 
from there near the noith-east corner of M328, and three otbei's 
about Vo miles northerly, the stone raised showing veinlets of car- 
bonate of copper but none of payable character; all these shafts 
were inaccessible at the time of this survey. The strata incline to 
the east at an angle of (50 degret»s with a strike a little west of 
north. (Fig. 9, negatives :VM\ W.n [7582, 7589, 7595]. Plate Y.^ 
Cros-scction 11.). 
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Clay HlUs near Onoolowa Hill, Irwin Biver. 

Fig. 12. 



CAKHOXIFEROrS AXD PKRMO-rAKBONIFEROrS 

STRATA. 
Tho Carhonifeious and Fermo-Carboniferous strata of the 
<JiviMil)roolv. I.ockier. and Irwin River valleys present an uninter- 
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rnpted series of shale, clays, and sandstones, with occasional lime- 
stone and ironstone bands and silicified cappings. The shales and 
clays form chiefly the lowor and middle portions, and ar^Uaceous 
sandstones the upper portion of the series. The main body of the 
strata is very slightly indurated, abutting on its eastern side against 
gneiss and granite and on the south upon the highly inclined tuff- 
aceous sandstones and metamorphic standstones or quartzites of 
Yandanooka and Mount Scratch; their unconfomiability can be 
seen near the north-east corner of Loc. M328 on the west side of 
the track. 
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Fig. 13. 

To the westward the (Carboniferous beds extend nearly to Depot 
Hill and Mingenew; at. iy2 miles east of the latter there ai'e fer- 
ruizinous sandstone hills containing Permo-Carboniferous fossils, 
clays, and sandstones similar to those of the Greenbrook, also they 
Hank the west side of the granite and metamorphic hills to the south. 
The saline blue clan's Avhich appear in the bed of the Irwin River 
near the Mondara Spring, nearly 20' miles to the south-west, may 
possiiily be of this age also. The whole series have mostly a marine 
or e-^tnarine character," for even the carbonaceous seams are associ- 
ated with saline shales. The liigher ferruginous sandhills from 
^Mingenew to Mt. Hill are apparently of Jurassic age, containinji' 
well j>rescrved fossils, probably Otozamiies and wood [7676, 7722, 
8017 9, 8104]. 

The general structure of the distiict will be seen by a reference 
to the cross-sections (Plates V. and VI.) which show that there is 
a very flat anticlinal bend of the strata north-westerly from the line 
of granite hills at Yandanooka, and the general underl-ay on the east 
sicle of (his axis is about 3 or 4 degrees and 2 degrees on the west' 
side. 

In the year 1903 a bore was put down for the Irwin River Coal 
Pr()s])ecting Syndicate by Mr. Atkinson alK)ut ^ mile south-east of 
Mingenew to a depth of 913ft., but the result being indefinite it was 
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supplemented by a second bore by the Govei-nment to a dei)tli of 
736ft.. when the work was stopped: both were in loose sandy strata. 
(See Annual Pri)jrress Report of the Geolopcal Survev. 1903, 
p. 20.) 



BORE Xo. 2, MINGENEW. 
Nature of Strata. 



Grey chiy shale • . . 

(irey clay shale 

Hard Mindstone 

White clay sliale 

Fine grey clay Rhale 

Pine grey clay shale 

(irey clay shale 

Fine white clay shale 

Hard sandstone 

Fine white clay shale 

Hard coarse sandstone 

Fine white clay shale 

(irey clay shale 

(irey clay shale . . . . . , ..... 

(irey clay shale 

Grey .sandy shale 

(irey clay shale 

(irey clay shale 

(irey clay shale with undeterniinable plant remains 



Depth from 

which sample 

was taken, 

in feet. 

78 

V2i^ 

13(» 

2(»7 

290 
380 
'AHC) 
390 
400 
420 
43.1 
.100 
o4s 
;)7S 
(Ho 
G7.1 
700 
73(i 



The position of this boi^ is on the west side of the above- 
mentioned axis, as is also the Depot Hill boa-e put down in 1902 for 
the Depot Hill Coal Mining: and Prospecting Company by Mr. 
Hindley. The white and grey shales occur here also [6696/6]. The 
strata pierced (see Annual Progi'ess Report of the Geological Sur- 
vey for the year 190IJ. p. 17) was as follows: — 



Sandstone 

Shale 

Sandsrone 



65ft. 

6ft. 

89ft. 

160ft. 



The two sites are about 8^ '2 miles apart and are probably in the 
same stratigiaphical horizon. Occasionally enclosures of bituminous 
material (lignile) occur in the argillaceous sandstones of the Irwin 
River valley northwards, but they are not coal beds [6689, 6690 1]. 

A bore was ])ut down about the year 1890 by the Midland Com- 
pany on the east side of Greenbrook, on the advice of Mr. Kellett, 
about 10 chains south of tlie northern boundary of Block 1929 10 
a depth of oOOft. in c]ays and sandstone, and was abandoned ,iust 
as they struck black shale, but neither coal r»or water was reacdied. 

A bore was put downi at Dong:ara in the year 1900 by the Gov- 
ernment for the purpose of determining the western marg^in of these 



3] 

coal measures; a depth of 2,111ft. was reached, which was the limit 
of the capacity of the borinj*: plant used, and no definite result was 
obtained as the strata passed through from 140ft. downwards appear 
to belong to the Jurassic series. 

An analysis of a 4in. carbonaceous seam occurring at 265 feet 
carried out in the Departmental laboratory showed its composition 
to be in pai*ts per hundred : — 

Moisture 13.13 

Volatile Hydrocarbon 29.47 

Fixed Carbon 49.40 

Ash 8.00 

Another bore was put down the following year at Yardarino 
which was stopped at a depth of 1,670ft. through the tools being 
lost in the hole; neither bores gave any definite result as the Gov- 
ernment Geologist considered that neither appeared to have reached 
the coal measures. (See Progress Report of the Geological Survey 
for the year 1901, pp. 13 and 14, and Bulletin No. 4, pp. 105 and 
106, also Report of the Public Works Department, June, 1906, 
p. 34.) 

In the yeai* 1895 Mr. H. P. Woodward investigated the Carbon- 
iferous areas in the Upper Irwin and to the northward thereof, and 
found Carboniferous fossils on the G^'eenough River between the 
Kockatea and Wooderarnnig watercourses (see Report of the De- 
partment of Mines for 1895 and part of 1896, p. 21 ) ; the results of 
his observations are embodied in the sketch map indicating the 
probable extent of the Cai-boniferous beds in that district, which 
accompanies the Annual Progress Report of the Geological Survey 
for the year 1903, p. 18. The conclusion from these data was that 
the Carboniferous beds extend northwards from the Irwin River 
aei-oss the Greenough valley under the overlying strata of later 
date. 

In the year 1904 the Government made arrangements with the 
Diamond Drilling Company to put down a deep bore at the 47V2 
miles post on the Cue Railway, in order to endeavour to test both 
tlie possible existence of the coal measures and also to obtain a sup- 
ply of water for locomotives, and a depth of 1,418ft. was reached, 
but it had to be abandoned in the following year before the base of 
the strata intei-sected had been reached, owing to dilHculties in the 
boring. (See General Section in Bulletin 26, Plate VI.) 

The following is a section of the strata pierced in this bore 
hole : — 

Feet below 
surface. 

Sandstone and gi-it — 405 

Light gi'ey mudstones and bands of fine sandstone . . 405— 600 
Pebble grits, ferruginous sandstones, fine sandstones, 

gi'ils, sliales, pyrites, and fine sandstones . . . . 600— 750 
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Feet 

below surface. 

Liffht ^rey miulstonps with carbon and dark shales with 

pyrites, lijjht jrrey niicaceoiis sandy shale . . . . ToO — 83<) 

Grey mudstones with bands of pyrites and quartzites . . S:^0 — ihli) 

T-ifjht K^ey mudston4?s, dark jrrey shalas with pyrites and 

earbonaeeons patches . . . . . . . . 950 — 1035 

Yelh)w g:rits, carbonaceous slates, black j?rits, and dark 

jirrey micaceous shales . . . . . . . . 1035 — 133) I 

Dark carbonaceous shales with pyrites, bands of dark 

dolomite limestones .. .. .. .. 1320 — 13(>0 

Dark micaceous shales, no record owinjj to the 

natuix* of the bore matenal . . . . . . 13G0 — 141S 

In February, 1905, Mr. A. Gibb Maitland examined a jKH'tioii 
of the (Jreenoujrh Hiver in this vicinity and made the foiU>\viu«: 
field notes: — 

Near BiiKioo, on the Greenough River, arc many large boulders of 
granite and other t^rystalline rocks; these suggest the occurrence of s 
boul'lor conglomerate although none were seen in situ. Prom Bindoo 
the track traverses a heavy sandplain as far as Noondamarra Pool (2<>o). 
The \H^d and banks of the river are occupied by a bed of massive grit, 
with a decided dip up-stream. Some of theee sandstones are seametl with 
thin veins of quartz, one conspicuous network of these lies about a mile 
south of Noondamarra I*ool; it has a general dip of N. 25 W., and a high 
underlie to the east. Al)out half-a-mile west of this is another more coc- 
spiciioufi quartzose zone, which stands out in bold relief and rises to a 
considerable height above the surrounding country. The linear j>ersist- 
ence of these bands is very suggestive of their being due to the de- 
position of silica along lines of weakness (kc, faults, joints, or crushes). 
In the vicinity of Coonawa Crossing above the junction of Woo«l- 
erarring Creek and the river the ground is strewn with quartz and other > 
pebbles suggestive of their being derived from a conglomerate, a fc« 
boulders of which are to be seen in one or two places. At the i-rossin^ 
is a quasi-vitreous quartzite. Barra wee Ibarra Hill, a low tableland 
on the eastern side of the Greenough River, is made up of a M 
of sandstone; on the northern aloj)es of the hill the ground i* 
strewn with pebbles ami boulders of the older crystalline rocks, whifi 
suggests their being the debris of the basal conglomerate of the sent*. 
In the vicinity of Kolanadgee Well the older crystalline tw^ 
first nmke their appearance in ftitu, the junction therefore of the c*^ 
measures ( ?) is between this |K)int and Barraweelbarra Hill 
At a point aliout a mile or so down Wooderarring Creek. beli*« 
No. 1 well on the Stock route, the sedimentary rocks give place tp 
schists which are inclined at a high angle to the north-west. At tb 
well the schists are succeeded by granite which occupies the counts 
as far as the township of MuIIewa. 

In inOf) the New Depot Hill Coal Prospecting Association c«n> 
templated resumin»r boring operations but on the recommeiulati«« 
of the Government they transferred their attention from the Invir 
to the count i*y around Eradu, and a subsidised bore was put dowP 
about *^'i mile northerly from the Railway Station in the river he^ 
to a total depth of 297ft.; a seam of brown coal was met with st 
n8-124ft. but the coal was of a hydrous nature; a sample [7120] 
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G.S.L. 2721. 

Moisture . . . . . . . . . . 0.59 

Volatile carbon . . . . . . . . 40.28 

Fixed carbon 37.97 

Ash 12.16 

100.00 

Colour of asb . . . . . . . . white 

Coke . . . . . . . . . . none 

Calorific value, B.T.F 9900 

Mr. Simpson reported that : — 

. . . . it is a very dull, friable coal, which appears to bo much 
weathered and may therefore improve at a greater depth in the basin. 
Its calorific value is equal to that of the lower grades of Collie coal. 

Several hand bores were put down adjacent in order to deter- 
mine the direction and amount of the dip of the coal seam, and 
from the data obtained fi-om bores Nos. 3 and 4 the dii> was calcu- 
lated to be 5deg. 33min. and its direction 94 deg. 

The following are the positions of these band bores, which are 
all in the river bed: — 

No. 1 is 272ft. l^ariuir 262^ -from the S.W. corner peir of 
Loe. 2208 [7297]. 

No. 2 is 110ft. northerly from the wast abutment and Goft. 
from the first pier of the railway bndge [7380]. 

No. 3 is 282V2ft. bearing 355deg. from the calyx bore [7381]. 

No. 4 is 295min. 7sec. bearing 292detr. from tlie calvx bore 
[7382]. 

In hand bore No. 1 a large seam of inferior brown coal was 
met with at 87 to lir)ft. depth, with a 2ft. parting of grey shale. 
The site is about 30 chains down stream, for which an allowance 
of 4ft. is necessai^ to be made, in companng its level Avitli the seam 
in the calyx bore, making its centre 105ft. as compared Avith 121ft. 
in the latter. Particulars of the strata met with in these bores are 
given in Plate VI. 

The site chosen for the Company's dee]) bore is about 70 chains 
easterly on the north side of the railway line, about 10 chains east 
of the 3.") mile post where there is a level piece of the railway, and 
the bore site is about Cft. below this, viz., 523ft. above the sea-level. 
The river bed at the railway bridge is 444ft. and allowing 10ft. rise 
to the calyx bore site, there would be a difference of G9ft. between 
the two bores and the depth at which the coal might be o\]>ecte(l' 
at the calculated dip w-ould be 700ft. Operations were begun m 
190S, but up to the time of writing this leport (August, 1900) (»nly 
()15ft. depth had been reached. In this 'bore the saiuly beds disap- 
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peared at lP3ft., below wliich only blue clay with slialey bands has 
been met with [8812]. 

It appeal's ))n>bable that the sand, sandstones, shales, and 
hn»wn eoal in these bores belonjj to the Jurassic a^e, but there are 
no fossils to assist in this detennination. These blue clays and 
shale** met with in the bore come to the surface in Northern Gully 
about 9 miles north-west from Eradu and extend northwards 20 
miles to the Yuna district, and have been tentatively mapped as 
Jurassic, though very similar beds occur in the Greenbrook and 
Invin River valley and ai'e there considered to be of Carboniferous 
ajre. 

In IJMHi Mr. A. Gibb Maitland, i-epoiling upon the results of the 
irc^olotrical survey by myself of the Greenough River as far as 
Kradu, states: — 

An inspection of the sketch map showing the northern extension 
of the Irwin Coalfield, which is attached, indicates that the Carboniferous 
rocks orcur not only in the valleys of the Irwin but in the Greenough 
Kiver about due north of its junction with the Kockatea Creek. The 
Mullewa bore failed to reach those beds, hence the object it was stnik 
for has not been accomplished. If the prevailing dip of the strata be 
to the cast, then a series of shallow holes to the west of the 1,418ft. 
bore shouM definitely settle the question as to the occurrence of coal 
seams m tlie Creenough Kiver valley. . 1 am therefore of opinion that 
the fo\jr or five shallow bores (not exceeding 800ft. each in depth) 
sunk at. equal intervals in the CJreenough River valley between the cross- 
ing of the railway line and the junction of the Greenough and Kockatea 
Treek would afford decisive information, and settle for all time the 
question of the occurrence of conmiercial coal in this vicinity. I am 
not, liowever, very sanguine that such will be found. 

On 17th February, 1909, Mr. A. Gibb Maitland reported further 
ill favour of those bores being undertaken, and they were com- 
menced shortly afterwards, and thirteen bores have now been com- 
})lete(l. 

The t'oUowing are the sections of the strata pierced in the bores 
completed up to date: — 



Xo. 1 Bore, Kockatea Creek [8866]. 

Feet below surface. 

.Sand 18 

Blue clay . . . . . . . . . . . . 48 

Blue claV witli pvrites nodules . . . . . . 57 

Stiff blue clay ' 100 

Grey sand with fragments of granite . . . . 127 

Grey sand with pyrites nodules . . . . . . 133 

Mottled white and grey clay . . . . . . 144 

Coarse quartz sand and shale fragments . . 148 

Hard grey clay and shale fragments . . . . 155 

Grey shale, with fragments of slate and granite 175 
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No. 3 Bore, Kockalea Creek [8881]. 

Feet 
below surfac 

Sandy loam . . . . . . . . . . 10 

Yellowish white day ( f shale) . . . . . . 20 

Grey clay shale . . . . . . . . . . 41 

Grey clay shale with pyrites . , . . . . 58 

Debris of somewhat samly shale . . . . (53 

Chocolate coloured clayey shale . . . . . . 86 

Debris of sandy shale with granite pebbles . . 109 

Sand with granite pebbles (fine conglomerate).. 110 

Chocolate coloured shale . . . . . . . . 140 

Clay (? shale) with granite pebbles .. .. 152 

Debris of sandstone or grit . . . . . . 178 

Debris of sandstone and grit . . . . . . 191 

Debris of conglomerate . . . . . . . . 201 

Xo. T) Bore, Koekatea Creek [8964]. 

Surface debris . . . . . . . . . . 4 

Sandstone mixed with limestone . . . . . . 12 

Yellow shale IS 

Grey shale with granite boulders . . . . 135 

Black shale 200 

Grey shale . . . . . . . . . . . . f 

No. 7 Boie, Koekatea Creek [8989]. 

Yellowish brown sandstone . . . . . . 8 

Yellowish clay shale . . . . . . . . 20 

Sandstone . . . . . . . . . . . . 29 

Sandy shale 200 

No. 9 Bore, Koekatea Creek [10578]. 

Clayey sand with waterworn boulders . . . . 10 

Chocolate-coloured clay shale . . . . . . 30 

Grey sandy shale . . . . . . . . . . 56 

Clayey sandstone with pyrites .. .. .. 113 

Fine grained sandstone . . . . . . . . 148 

Debris of sandy shale . . . . . . . . 151 

No. 11 Bore, Koekatea Creek [10579]. 

Laterite . . . . . . . . . . . . 8 

Fine grained yellow sandstone . . . . . . 18 

Grit 46 

Sandstone . . . . . . . . . . . . 81 

Sandstone . . . . . . . . . . . . 113 

Debris of clayey sandstone . . . . . . 115 

Sandstone . . • . • . . . . . . . 130 

Debris containing quartz, mica, pyrites nodules, 

and granite. (?) ('onglomerate or bedrock .. 141 
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Feet 
below surface. 

No. i:^ Bore, Kockatea Creek [10580]. 

Ciravel . . . . . • . . • • • • '* 

Sandstone . . . . . . • . . • • • 30 

Shale 114 

(irauite 115 6m. 

Note. — This is tho first hole to strike bottom. 



Xo. L") Bore. Kockatea Creek [10581] 

Hard yellow sandstone 
Ligljt grey gritty shale 
**(;ranite'' (no sample sent) 
n<'l»ris, disintegrated granite 



50 
53 
54 
f 



No. 17 Bore, Koekatea Creek [10582] 

Loam (sample missing) 

Hard ferruginous sandstone pebbles 

Fine soft yellowish sandstone 

(irey micaceous clay shale . . 

(irifty micaceous clay with granite boulders 

Debris from granite, etc (stream bed deposit) 

(tranite 



9 
11 
38 
36 
40 
41 
? 



No. 19 I^re. Kockatea Oeek [10788] 

Brown 8an<ly soil 

Soft grey very porous sandstone, gritty in parts 

Slightly ferruginous grit . . 

Stifll" white clay gradually passing into a 

Stitr grey chiy 

Soft gritty sandstime 

Stiff dark* grey clay 

Light grey sandy chiy 

Stiff mottled reddish clay . . 

Brownish grey clay 

Very (hirk, almost black, clay 

N'ery dark, almost black, sandy clay 

Li gilt grey clay 

Soft fine whitish sandstone 

Yellowish clay 

Mottled pinkish clay 

Greenish grey clay . . 

Coarse grey crumbly sandstone .. 

Whitish day with sandy bands . . 



8 

20 

23 

34 

46 

60 

71 

77 

84 

112 

115 

117 

124 

129 

136 

139 

190 

196 

200 



No. 21 Bore, Kockatea Creek [10915] 

Reddish sandstone (sui)erficial deposit) 

White clay ( ? shale) 

Grey clay shale with pyrites nodule 

]3ebris of fine conglomerate 

Sandstone 

White argillaceous sandstone 

Do. do. 

Sandstone 



20 

46 

66 

67 

98 

168 

192 

200 



Hrowii crumbly sjindstoiu* (suporficial) 
Brown jjritty sandstone (superficiMl) 
White very fine sandstone . . 
Dark grey el ay 
(Jrey clay shale with pyrites 
Dark grey — almost black— clay . . 
Grey gritty clay shale with pyrites 
Light grey sandy clay 



No. 2.') Bore. Koekntea Creek [ 

Brown (•rund)ly sandstone (su])erfici;il) 

White clay 

White soft and fine s«andstone 

Grey clay shale 

Almost black clay shale, suggests coal 

Light grey clay 

Black clay shale, poor coal 

Light grey clay 



l(i 




19 




. 54 




. 103 




. 104 




. 126 




. 127 




. 200 


10917]. 






20 




. 26 




9;") 




. 120 




. 124 




. 160 




. 168 




. 200 



II may be somewhat premature to ^'•ive an opinion upon these 
results, but the impression left on the mind by an inspection of these 
samples is that they are of Carhoniferous ai»e and the map has been 
coloured aecordintily. 




Ice-scratched Boulders, Irwin Biver. 
Fig. 14. 

Coal indieati')ns have been reported at various times to exist 
in the Lynton I>istriet and a shaft was sunk in I>oe. 239.') by (me of 
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the (iivjion Hrotliei-s, but no rtH'ord of the clei)th or of the strata 
lias been kept ami no water or eoal was found. The ilump shows 
only sand, sandstone, and thin flajrtry ironstone, all evidently of 
Jurassic aue. 




Ice-scratched Granite Boulders embedded in Blue Clay, 
Irwin Biver. 

Fig. 15. 

Another place thouiJtht to have more favourable indications is 
the junction of the Ilutt Kiver and the White Water, 2V2 miles 



tilis loealily but Jio fossils or clay or shales were found that might 
i>ive any hope of carbonaceous beds existing there. 

Glacial Erratic Boulders. — At about the middle of the series 
of Carboniferous clays there is a zone in which many erratio 
bouldei*s of crystalline rock occur, comprising granite, gneiss, 
amygdaloids, quartzites, also sandstones and chalcedonised sand- 
stones and limestones, mostly rounded and many with smoothed 
surfaces and some with well-defined grooves and cross- 
sera tchings, suoh as only glacial action can produce. These 
form in places extensive boulder beds or outcrops which occur at 
<Hstances of from 5 to 10 miles from the main granite margin. These 
erratic blocks are mostly identifiable with mcks forming the table- 
land eastward of the main granite range. The largest outcrop of 
the boulder beds is on the west side of the Irwin River at Nangatty, 
and is about four miles long and two miles wide; see Figs. 14 and 
l.>. Another patch lies about two miles to the south-east, see Fig. 
16. There is here a large erratic quartzite boulder called the 
"White Horse," and although partly imbedded in the ground it is. 




Bidge of Glaciated Boulders, two miles S.E. of Loc. 1168, 
Irwin Biver. 

Fig. 16. 



7ft. high by 18ft. by 13ft., see Fig. 17 [7788]. Between these t^vo- 
places there is a smoothed granite boulder imbedded in the blue 
Carboniferous clay forminir the banks of the Irwin River, see Fig. 
18. The liei^^bt f^f the toi> of tho hill with the bould(?rg h 1,102ft., 
wlijl^i the I'ivrr bod H tiT^l^f -ihinvitiji \hiU the rniiirt' ifi fhcsL' bonl- 
iJQvs [^ iit Ivn^i 4:iOrt. in ibt? stratrs. 
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At tlie coal seams also at the south branch of tliis river there 
were some very deeonipo^ed uraiiite boulders to l>e seen in the days 
i\m\ shales, the elevation here is 89()ft. Kiirht miles southerly a well 




Erratic Boulder, IV2 miles S. of Loc. 1168, Irwin Biver. 

Fig. 17. 

scratched (juartzite pebble was found by the writer cm the top of the 
liiuhest of the Brockman Hills (j>ranile). the elevation beinu Sti2ft. 




Glaciated Granite Boulder embedded in Blue Clay with 
Calcareous Bands, Irwin Biver. 

Fig. 18. 

About two miles south-eastei'ly from there, in Loc. M()9, near the 
«nuth-east corner of ^l.'i.V), on the low rise (()S3ft. elevation), some 
very fiue samples were foinid. Another exposui^ occurs eastward 



41 

of BeatoiiHeld, at an elevation of SOOt't., and there are here many 
lai-^e irranite, quartzite. and chaloedonised arpUacemis limestone 
bouIdei"s; tlie latter have become weathered into pictures(|ue mark- 
ings and sha])es similar in eharacter to the fe- toon-like silicitieations 
of the Coorow Cave, see Fiir. 10. At a spot marked on the map as 
"Erratic Blocks." about seven miles south from here, a little to the 
west of M(mnt Scratch, there is another outcrop on a spur of the 
hill at an elevation (►f 100ft. This may be of Recent date, as the 
blocks are in a hijrh level ijravel. 

Some blocks of chalcedonised rock, Cft. lonsj:, were also noticed 
in the jjravel restin,i>* on the toj) of the white sandstone escarpment 
on the east side of Loc. M. '.V.\l. All these bloeks appear to be of 
local oriiiin. and the boulder beds probably represent terminal mor- 
aines of the .iiiaciers that at that peiiod evidently descended from 
the plateau into the sea, and the ])lue clays represent the subaqueous 
deposit of glacial mud or till. Twenty-four samples of the erratic 
blocks were collected [7657, 7788/9, 7790, 7805, 6, 7844, 7847/9, 
7850. 7883 9. 7890/2, 7903/4, 7906]and four sets of glaciated boul- 
ders [7706, 7853, 7873/4]. The«e olaciated blocks are taken to be 
of Carboniferous age, and distinct from the dej)osits at Mt. Hill in 
the **Recent" section. 

About 48 miles in a direct line north-westerly fnmi Mingenew 
at the (iranite Kidge, near the east end of the Oeorgina road. CJreen- 
ough distnct. theie is a small i-emnant of a boulder deposit forming 
a small flat topped hill which has traces of a laterite capj)ing, its 
elevation being 734ft. It has ])roba'bly the same glacial origin as 
that of the Irwin district and it may be of the same age. The boul- 
ders are mostly composed of a tine ]jorphyritic grey granite with a 
few (juartzite blocks which are embedded in an indurated clay and 
are much decomposed, and their margins frequently show ferruginous 
discolouration caused by zone decomposition, and when broken show 
a slickenside fracture, as does also the clay matrix. The thickness 
exposed is about 20 feet. [8067/9, 8070/3.] 

The glacial boulder bed marks an important horizon in the 
strata as it can be coj-related with other localities, for the same bed 
appeai-s to have been found by Mr. A. Gibb Maitland, in the Gas- 
coyne district, ,S00 miles northward from here (see Report of the 
Geological Survey for 1900, p. 2\) and plates, also Bulletin No. 10) ^ 
and it may be equivalent to the glacial boulder bed of the Branxton 
series of New S<mtli Wales that overlie the Greta or Ijower Coal 
Measures whieh separate the Lowci* from the Upper Marine series 
of the Permo-Carboniferous Age; evidences also have been found 
at Bacchus ]\larsli in Victoria. Wynward in Tasmania, Hallett's 
Cove in South Australia, and also in other countries as in the 
Talchir Beds of India and in South Africa. See Prof. David's ac- 
count fomiing No. 4 of the New South Wales Geological Memoirs, 
p. 3.S7, and the General Secticm No. 2, and Messrs. Chapman and 
Ilowchin's account of the Foraminifera of these l)eds. l*al«?onto- 
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lofrical Memoir No. 14, New Smith Wales, from pa^e xvi. of wlndi 
llie followinj? table has been adopted: — 



Fij?. 19. 
COMPARATIVE SECTIONS. 



Section in Hunter District, N.8.W., 
lifter Prof. Dnviil, Mouo^mph U, p. xvi. 



Toiuu^o 
Coal Measures 






■0 I 

I Saudstones, nhales, cotil , 

Reams, und claj irousconc . 

t;hfleniom.va Beds, cherty ' 
RbuleH, uud cherts 



1(K.H» 



I 



Mostly shales uud mudstoi:es I 



Section in Incin 

District, W.A., 
showing the prol<ible 
equivalents. 



A- 



Sandstoiu s 
The Muree Beds 



C 

a 
I 

J3 



6 

Upper G reta Coal Measures 

o 

i 

V V — 

Lower Ureta Coal Measures 



3000 I 

WollouK Fomiiiiniferal liori- , ArKiUnceous saudstciie 
zon Glacial Erratics | 

1 1 Shale and coul 

KKK) I Ar|fillaceou8 8i\udsti>Le 

Marine shales, mudstones, , Carbonaceous clay 



I I- 

X V - 



and sandstones 



Sandstones, shales, coal 
seams, and conglomerates 



I 

'l Clay 

I Ghicial striated Uuxltlers 

I I Thin argillaceous tand- 

stoues 



I Argillaceous sandstone 



HOOO 



Tliin arg llaceous lime- 



Mostly hard rnudstones with 
marine shells 



Brown clay 



7000 



Pokolhin Foraminiferal 
Horijsou 



id 

6' 



-8000 
I Chiefly shales 

,9000 

Basalt 

Sandy tuffaceous shales with 
I erratics 

- lOOOOft. 

Glncial Beds with numerous 
striated boulders 
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In South Africa tlie equivalents to these Carboniferous and 
Penno-Carboniferous o;lacial beds occur at the base of the Karroo 
system of that country and appear to be of vast extent; they have 
been divided into a southern and northern series, the former being 
sub-aqueous and the northern true «rround moraines, occurring at an 
altitude of about 4,900 feet above sea level with glaciated rock 
surfaces hanng strisB over 300 miles in length, the direction being 
from noi-th to south, see *'A Contribution to the Study of the Glacial 
( Dwyka) Conglomerate in the Transvaal,'* by E. T. Mellor, Quar- 
terly Journal of the Geological Society, Vol. LXL, p. 679. One of 
the illustrations of that paper has a remarkable similarity to the 
view^ here pi-oduced. 

CoNcnETioxs.— The clays of Carboniferous age exposed in 
the beds of the Invin River above Yaragadee and its 
northerly branch to Xangatty have numerous septarian con- 
cretions in well-detined horizons. At the horseshoe bend of 
the river near Yaragadee there is a massive layer eighteen 
inches thick as shown in the sketch (Fig. 20), and fnr- 
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y»frA^ 



SKETCH OF RIVER CLIFF NEAR YARRAGADEE 



Fig, 20. 

ther u]) the river and in its northern branch there are zones with 
oval rolls and discs or spheroids; the former can be seen near the 
track crossing the branch near the northern boundaiy of Block 1899. 
They are sometimes six feet long, fifteen inches wide, and six inches 
thick, formed in ripple-like order a few yards apart, having a north- 
westerly direction. Similar rolls can be seen north west of TjOC. 
1 1()8, Irwin River, where they have a direction of 2(32 degrees. The 
discs or spheroids attain eighteen inches diameter and always occur 
ilatwTiys with the bedding of the strata. Occasionally some small 
and thin ferruginous discs up to two inches in diameter occur but in 
all other instances the concretions are calcareous with calcite veins 
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usually |H»rmeatin»r tliem, see Fi*r. -1- Diliiient search was made for 
anv indications of or!»:anic kernels but without success: weie such 




Calcareous Concretion, Irwin River. 
Fig. 21. 

orjranic centres present the exi)lanation of the origin of the con- 
cretion would be that it had been induced in some way by the action 
of salts of lime and iron upon oriianic particles. The massive layer> 
may be partly due to onirinal sedimentation but other causes have 
assis-ted in the precipilati<ui of calcium carbonate and it has been 
found that peaty matter ])roduces this from solutions of calcium 
chloride and sodium carbonate. Bacteria also have been found to 
briuii' about the dei>osition of calcium carbonate from solutions of 
calcivmi sulphate represent in<i- the calcium sulphate of sea water 
when ferric oxide is in the deposit or mud, the bacterial .jelly be- 
havin*? in a similar way to the peaty matter. This .subject has been 
dealt with by Mr. H. B. Stocks in a ])aper read before the (Jeolo- 
srical Society of London in Fo'bruary, 1902, see page 4(i of Xo. 2*20. 
Vol. liVlIT., Quarterly Jcmrnal of the Oeoloo-ical Society. lie sum- 
marises as follows: — 

Coal Avas formed by stagnant soa water by anaerobic decay l)roiigUt 
about by bactoria ; the cah'iuin sulphate in the sea water reduci'd an<l 



of water-logged vegetable matter and then around it, forming a con- 
cretion which grew in the bacterial jelly and hence acquired its rounded 
shape. At the same time 8id[)hi(le of iron was formed from the iron 
in the fine mud and became part of the concretion thus formed, being 
hubeequently converted into iron i)yrites by pressure or some other 
agency. 

The calcareous concretions have an economic value for cement 
manufacture. Tlie followino^ is the result of an analysis made in the 
Laboratory of a mineral specimen [7672] : — 



^iV'^*- -.u" ^■..x"' "a " ^¥^ll >^q"a» to calcium 

Alumina with a little iron oxide .. 8.12 ^ [.arbonate 73.29. 
Lime . . . . . . . . 41.0S ^ 



The analyst remarks that it should be well suited for inakinti 
Portland Cement without the admixture of any other material. 

(^OAL. — The journals of Messi-s. A. ('. and F. T. (Iregory, lcS4(i 
to 1858, were published by the Queensland Government in ISS-t, and 
on p. S is the account of the expedition to the east and north of 
Kwan River which left Mr. T. N. Yule's station, in the Toodyay 
District, 60 miles north of Perth, on the 7th Au^Mst, 1840. Under 
-date Dth Septembei*— 

At 1 p.m. entered a deep valley by an abrupt descent and found 
•ourselves once more on the banks of the brackish stream, which was 
much enlarged, and running through a narrow grassy flat l>acke«l by 
high sandstone cliff's from 80 to 1(H) feet high. Continuing our course 
along the river west till 1.55 p.m., when it turned north, and at 2 p.m. 
north-west; at 3 p.m. the banks of the stream became very high and 
stratified in a remarkable manner, the lower rocks in thin beds dipping 
to the east, whilst the superincumbent rocks of red sandstone were 
horizontal. We therefore entered the bed of the river to examine it 
and found two seams of coal, one five feet thick and the other about 
«ix feet thick, between beds of sandstone and shale. Having pitched 
the tent and tethered the horses, we commenced to collect si>ecimens of 
the various strata and succeeded in cutting out five or six hundre<l- 
weight of the coal with the tomahawk, and in a short time had the 
satisfaction of seeing the first fire of Western Australian coal burning 
cheerfully in front of the camj), this being the first discovery of coal 
in the western i>art of the continent. 

The Government followed u]) the discovery by despatching: 
Lieutenant Helpman in the colonial schooner "Champion" to pro- 
<'ure a bulk sample, with a volunteer party: — 

to Champion Bay. now the site of Geraldton, and thence ])y land 
to the coal-seam on the Irwin River, a distance of 90 miles, and brought 
down about three cwts. (see original journal) of coal to the vessel. 
Mr. Gregory states on p. 11 that **this coal, though of fair cpiality and 
suitable for steam pur[)oses, proved, however, to be so renu)te from any 
suitable port for shipment that it has hitherto not l)een available for 
<?onimercial purposes. ' ' 

The occasion was the subject of a confirmatory notice of the 
discovery in the Western Australian ^'Government Gazette" of Stli 
Jnnnjiiy* 1 S47. tn I he \»\lvr \k\i\ of the mumi' ytsir, lir. smh Soinimn' 
rrmdc n ^co\uiiiei\\ i\jiniinnti T the VirliHia diMriH iUitl vii^UiHl 
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this (uml outorop but he did not think much of the coal, for in his 
report dated 2()tli October lie says: — 

The coal even of the second seam (the first being about 5ft. thick) 
did not contain bitumen in any perceptible degree and produce<l a large 
«|uantity of clayey ashes. 

About this time the Lejjislative (\mncil declared a reser\-e of 
1(K0(M» acres to include thes<» coal seams. This became Reserve No. 
JMM>, two miles square (2,5(i() acres), which was surveyed here in the 
year 1871 by Mr. John Forrest to inchide the coal seam; it was not 
numbered till the year 188.') and was not gazetted till 25th May. 
ISJKi, but was set apart as a i*eserve for coal. In the year 1893 t!ie 
(fovcrnment relin(|uished neaily one-half of this larj*:e i-escrve, dim- 
inishiiiir it tt) 1.420 aeres to meet the objections of the Midland Kail- 
way ('tnn[)any, for by Clause oO of the contract of 188G, with the 
Company, the power of making: reserves was confined to necessaiy 
jeservntions for roads and other public purposes. The portion re- 
linquished comprised all that lay on the eastern bank of the river 
and ninreover contains the dip of the seams. 

The Rev. C. J. Nicolay examined the locality of the coal seams, 
which aie on the south branch of the Irwin River abinit one mile 
alxne the forks, and his visit is probably connected with the g-rant 
of t'lOO that was made by the Leg-islative Council in the year 1879. 
with the aid of which a shaft oOft. deep was sunk. This is probably 
the well-slabbed shaft oft. by 7ft. which is on the east bank above 
Hood level about a mile farther u])-stream from where the outcrops 
occur: it did not reach coal and judf^injr from the material in tlie 
dump the shaft is wlu>lly in blue clay. 

There are two pairs of outcrops of coal seams in the river bed 
at the liist mentioned locality, a few chains distant fn)ra each other. 
At the northern one there aie two seams about a foot thick of a 
soft hydrated coal assoiiated with shales and clays, at the other one 
there are two thicker seams of carbonaceous matenal softer and 
more shaley than the others and in more sandy strata. The under- 
lay is 10 de.iT. to the east. The salinity of the shales is a remarkable 
feature, for some of the beds at the time of this survey were white 
from eflloreseence of the salt contained in them. About half a 
dozen snuill prosj)ectin^ shafts have been put down in the river bed 
here iniiu'ipally at leases 102 and 103, and are now always full of 
water, but both this and the northern branches of the river are dry 
during the lireater' part of the year. There are, unfortunately, no 
records to show the character of the strata passed thiK)ug:h in these 
shafts. 

In the year 1888 Mr. .James Bell, while out cattle-hunting:, found 
a lump of coal in the bed of the north branch of the Invin River 
which he took to (leraldton, ami Mr. Elliott came out with liim and 
after searching- the country they discovered the seams in the face 
of the hill near the river. Tliis is about 19 chains north from his 
selection 043, where there is ni>w a cattle yard; subsequently all the 
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land about these coal seams was simeyed for mineral leases. The 
Irwin Coal Minino; Company was formed in GeraUlton by Messrs. 
Bell and Elliott soon after their discovery, to work this coal under 
lease from the Government, and it united with others and became 
the Amalgamated W.A. Coal Company, and they ])ut in a drive 
about 200 feet in length on the underlay of the strata. 10 deg. to 
the east, also two other trial drives and a small shaft at the two 
other smaller seams at a lower horizon than the main seam. A 
large vertical shaft was also begun about Vi "die away towards the 
Bigarra Spring, a bore w'as also put down about 70 feet but the 
locality is not now definable and neither leached any coal. Alti>gether 
about 20 to .30 tons were taken out of the main drive and (-arted to 
Walkaway and Geraldton, and it is stated to have been ti'ied with 
good residts in the Rob Boy vessel which steamed fnmi Geraldton 
to Fremantle, but made a good deal of clinker, i)artly owing, it was 
thought, to its being surface coal. 1 was informed by Mr. Bell 
that an engine was driven up to Chidlow's Well from Perth, using 
<*oal from here by an engine-driver of the name of Williams. 

On 5th September, 1891. the Midland Railway Company 
selected Block 1908, and on surveying it and a number of mineral 
leases it was found to include these coal leases; work was therefore 
<liscontinued on the latter and a lefund of £1.")0 was made to the 
holders by the Government. The Company refused to contiiuie the 




Drive on Goal Seam in Reserve 2297, Irwin Biver (in flood). 
Fig. 22. 

leases as they said that they intended to work the seams themselves. 
l)ut owing to financial difficulties were unable to do so. Xo mining 
leases have since been granted bv the Government on the reserves 
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on which ihe «)rij»iiial leases were partly situated. Reserve Xo. 22D7 
of a))out 2(M) acres was iiia<le in 1893 as a restiiijr place for travellei-s 
:nul ^tock (public utility), and it included the Doj^hole or Hijjana 
Sprinir and BelTs coal seams. It was gazetted on 2oth May, ]893. 

in »luly. 1JM)7, the Midland Railway Company, before their laud 
salcrs in the nciirhbourhood, unwatered the drive and hewed from 
its si<lcs about six tons of coal which wei-e taken to Midland Junc- 
tion, but no results have been announced. 

The outciop of the seam at the drive is 3ft. thick but farther 
in the seam widens to .') feet, showing 1ft. Oin. of fairly good quality 
voa\ in the middle [7494] and a lower quality, 1ft. 3in., thick, above 
an<l 'Jft. below [7463, 7465]. The roof is composed of shale and 
sandstone and the floor is indurated clay. It seems unfortunate 
that o])erati(U)s were given up as the seam is a promising one. A 
preliminary visit was mad^ here on the 29th July, 1907, when the 
rivtr was in flood (Fig, 22). and the second visit was made ou 3lst 
Octi>lKM\ when the pools in the river were rapidly drying up. The 
water above Loc. 943, though slightly saline, is drinkable, but at 
that spot a very saline spring which is |>ermanen( in the river bed 
spoils the water for miles down stream. (Water sample No. 8.) 
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Fig. 23. 

The Laboiatory rei)ort is as follows: — 

The .sanijdoa of coal from the Irwin River Reserve 2297 are of 
the hydrous bitinninous noii-<*aking class. The coal is somewhat fragile, 
and mat U' up of alternate layers of bright and dull ^eoal with partings 
of soft ^'Mother of Coal."' The following figures were obtained in 
testing it: — 



Moisture 

Volatile hydrocarbons . 

Fixed carbon 

Ash 



Top of 
seam. 

[3569] 
22.04 
23.S4 
37.2;) 
16.87 



Middle of 
seam. 
[3570] 
24.74 
27.12 
31.98 
16.16 



Bottom of 



[3571] 
24.25 
26.73 
37,97 
11.05 



100.00 



100.00 



lOO.OO 



Calorific value, lbs. . . 7.26 . . 7.43 . . 8.24 
Evaporative power, Brit- 
ish thermal units . . 7020 . . 71.S2 . . 7965 
The ash and moisture are bdth very high, and the calorific value 
eorrespondiftgly low. The. coal, however, will doubtless improve at a 
greater depth. 

The only other locality where carbonaceous seams were noticed 
outcroi)|»in«>: was at the Woolapi Creek, about 'iVi miles south of 
Ebano Si)rin<j:; they are about 3 inches thick, associated with blue 
clays and shales underlyin*r 11 deurees north easterly ; no prospect- 
inir work appears to have been done here. 

F0SSIL8. — There do not appear to be any fossils in the strata 
immediately adjacent to the coal seams, nor anywhere on the eastern 
8ide of the river, but Carboniferous fossils occur on the western side 
of the Irwin River in the cliff which extends from five to fifteen 
chains below Loc. 943, so that the coal seams are presumably only of 
('arhoniferons a«:e. In the western cliff there are fcmr zones of clay- 
stones, each rantjinir up to two feet in thickness. The total height of 
the cliff is about foi'ty-six feet, the intermediate spaces beinf? com- 
pose<l chiefly of current bedded sandy clays and shales, friable 
enouirh to be worn away .ijradually by suhaerial action, leavino; the 



Irwin Valley, Fossil Cliff on the right. 

Pig. 24. 

delicate Spirifcra shells and the nu)re solid Crinoid 
weather out and fall to the foot of the cliff in a lx>ani 
state of ])reservati()n ; minute Foraminifcra also occ 
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in these beils. In the harder bands are the larger shells of Fro- 
ductwiy Aviculopecterif Bellerophon, and Orthoceras. Several por- 
tions of articulated eiinoid stems were noticed in the lowest baud, 
but were too solidly embedded to be readily extracted; in all other 
instances the crinoid seinnents were separated. Fij^:. 24 [7795 7]. 
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CLIFF SECTION SOUTH OF LOC.943 
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Fig. 25. . 

About ten chains down the river below the fossiliferous cliff 
represented in the above ti«:iire there is a remarkable cliff on the 
opposite bank, 300 feet in height. It does not appear however to 
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have any njssili!. This oliff is represented in uu 
grain, aihl in Fi»:. 26. 

Tha follow in jr list of fos^sits are elkaracteristi i 
(see Annual Pro^L»^i*^s Rel*l^rt of the Geological IS ' 

Dh'lasma nobilh, sp. no v. 

f'tfrtina varbonaritf, \'i\r. Aa^tfalftsira^ E ll i . 1 

('ieiothji/tis Macleatfttna, Kth. HI. 

/' n iditc t it<i au h q na d rat us { M o rr is ) , E t h . fi L 

ilionvivA^ sp, ind, 

Ar iruloj)cc t en .t ub q nm qm'ltn eo f ua , MeC t)y- 

Mfitiiola ( ?), sp. h\{\. 

Mtfalina (?) Miftt/rnf^niensis^ sjv. nxiv* 

Mr. Etheriiige stat*^ that "only four sjieeie>i nr 
ideittii^-al \viih fnrnis tVmnd in the Permo-Cinbonifi i 
in Hasten! Australia* viz.: a Foraminifera (-V^/^ 

[5706b, 5708, 5702]. 

The follo\vin«r fossils Imve been cnlle<^tetl here h 
JfK'ksnu, I hen Assi^Jttanl (.lovx^rurnent (leolo^ist, and • 
tifieii and described by Mr. H» Klherid^^e in Hnllei 
2(no;^l:- 

Fin'iuninifeia — Ntibf*^!^^^ hicifuga^ vnr. Sttft t 
[5706b, 5710], 

Actinozoa — PleurophyUum A us f rale, Uiinle [57 

Braeldopoda — 

Product its Si'mirf^ticulnttis, RIartin [370Sa, S ' 
Product us sub quadrat us f Morns [6708d to ; 
Prod uc In J tennistriatuSj \ni\ Fot^rdi^ Eth li , 
Product uii undatu.s, Defi^nec [6705, 5706*'], 
Stminida sithtdUa, Hall [5706a. 57071. 
IMicularia Hncaift. Martitj [5706-&708(^], 
Chonrt^f^ Pratti [5705, 57081], [5710]. 
Uielasnia [6708ni]. 

Polyzoa — Feneatella fos^ulOj Lon^lale [5702, 571 

I^amellibranchiatn — 

Ariculopectctt Sprenii^ Johns! on [5706e, 57! 
ConcQfdium (intarnal east) [5702], 
8 tu t ch bu ria e f . StuttJdi uria {Phuro i}h o m m ) 
r± [5702, 5711, 5711a]. 
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The followinir list of ftissils collet'ted at the Fossil cliff, north 
hraiH'li Invin River, dunng this survey has been preparetl by my 
colleajrue Mr. \j. (ilanert : — 







Invkrtkbrata. 


6 

1 

^ 


1 


c 








c 


1 










^ 


7^, 


^ 


Foraminifera 


1. 


Xuhecuhtrin Stephen hi, Howch. . , 




* 


* 


Actino/.oa . . 


1. 


a ? Zaphrentis, sp. 




♦ 


1 




2. 


PleurophyUum Austrnle, Hinde .. 


* 


« 


1 «t 




a! 


a ? Cora! differing from the above in 
the number of Hepta and in the 
presence of dissepiments 






« 


C'rinoidea . . 


I. 


Artinocrinti^. .sppraents of stalk .. 


« 




* 




'■^• 


Platycrinus, segments of stalk . . 






* 


BrachiojKKla 


1. 


Produriits ftemiretictilnhis, Martin 






* 




2. 


Productus subqn/idraius^ Morris . . 






♦ 




3! 


Productns temiifitriafus, var. Foordi, 
Eth. 111. 


* 




! ♦ 




4. 


Prodiicfns undatHs, Defrance 






« 




T). 


? Producififf, sp. Brachial valve . . 










(>. 


? AuloHtpfjen Hftraciiodevms. Eth. fil. 










7. 


a ? Streptorhi/iichn^, .sp. . . 


* 








8. 


a ? Strnphomenn, sp. 






1 ♦ 




0. 


Cleiolhyri^ Mndeayana, Eth. fil... 






♦ 




10. 


Seminvia subtilitay Hall . . 


• 




* 




11. 


Terehrntula lutstatu, Sow. . . 


♦ 




1 « 




12. 


a ? Spiriftra duodtciwcastatu ? . . 


* 




* 




13. 


? Spirifcra I/ardmani, Foord 






» 




14. 


Spirifera MufsnhhpylenAu, Dav. vai. 
AuJitralh, Foord 






1 * 
1 




ir>. 


Spirifera Jala, McCoy 






1 * 




10. 


» ? Spirifera f^triaUi ? . . 






j * 




17. 


Syringothyn'jf exsuperanSy portion 
of valve 










18. 


Pflicularia lineaia, Mai-tin 






1 * 




10. 


a ? Reticularia ? (Orthis ?) 






' m 




20. 


Chmtefe.'t Pratt i, Davidson 


♦ 




1 ♦ 




21. 


Reticularia rrehristria ? Martin . . 






. * 


Polyzna 


1. 
2. 
3. 
4. 
5. 

1. 


Fenestclla fossvla, Lonsd. 

a ? 

a ? 


« 


•• 


1 * 
1 * 


Lamclljbranehinta. . 


a ? . . 

a ? 

Delta pecten a- uhquinquelineatuSy 






1 m 
\ m 






McCoy. 










2. 


.-1 riculoperten tenuicoUi^, McCoy . . 




« 


1 ♦ 




3! 


a ? ModioUi, s]). . . 




* 


1 • • 




4. 


a ? Modiola. s}). . . 






1 « 




."». 


n ? Stvtchburin, sp. 






, * 



od 



hi&T aw Poi^iLa Collected — 



Invertkbrata, 



_ _ _ 


— 




■ 




ft. 


It 


1 Edmnndui rotirtntn ' 




7. 


ji 


? Stimjuifififtft^ Elhi 1 


1 8. 


a 


? Stinffntjutfti,\%. sp- 


U. 


a 


? Sfn}fjiiimifiim, iip. 


1 10. 


±L 


? Srht~(tilti'-\ ^p. 


1 IK 


n 


? Pinna, sp. 




VI. 


IV 


? ^-iri:^/ {FtiUrtircfi), v \ 




13. 


T» 


PfirhydomiiJi, hji. 




14. 


11 


H . . 



Fptf'n>po:li\ 



Cepliitlopodn 



2. n ? fifflpTophtjn^ ?iji, 

S. iL J Arrontlw'* PlnftfrtTt . 

il. n. ? tCuoinphifttif^ Hp. 

0. li !! Kitojfipfmhis {Ttiib. 

8- n ? Phiirnfomtirifi ntfUntl 

IK a ? Plriirotomartff. :<[). 

1(1. rt ? VhnmUiifutrm, npn 

IK rt ? Plt-Hrnfotnttfitt. n^i. 

!2, Fi ? PttUfotunmrifi, np. 



VERTlnRAT^. 

I T ThJM «]wciiTien may 
though it (t',4emljk'** 
efrtts HjzimnI nt i lit' Pii 
of Now South Wiik^^ 

I ? Bonos , . 



" a *" hftVP not ljt*(*n rcfunled for Wcsttem Ausi 
gathfrcnl from tlic matcKala availublc^ 

Nnmeioiis fossils from tbis liK^nlify linvi 

lo5. pi. vu» vil. a 11^1 ;i\\ Jicc*niiit of iht> Furui 
hy Sir. Wiiller H^wclnju Ti(^\i\, Au^lrn, . 
VoL T.t II' ^»tjt^ «if^'i Trans, f?i^yij] Sut-iety ^i 
XTX., ISeTi. in>. lU4-2<Mi. pi. X. hi All. Fm 
are r^f CarUfHiireniuii h^io, iiii*l I'njf. iJnviil 

If this v'l^w bf :if('f+]itn(l (arid tlif* 
ri^trgo^Iy HuyFjiorfH HI tlii' Invhi Ktvi^r tiistrici bii 
as well MH H i^lafiikl hi>ri;ton* of farbotiifiTtniH 
the ^^l^Mlo (*iirboiiif(?npns fnrrtmifnft'nU wimI j 
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Wel'eionco has also lM?eii made to this jilace by Prof. T. W. E. 
Davitl ill the New South Wales Memoir No. 14, ]90o, "On the 




Upper Irwin Biver Valley, from the High Cliff, South 

of Reserve 2297. 

Fig. 27. 

Forjiniiiiit'era of the Pernio-Carboniferous Limestones of New South 
Wall's," pp. }dii., xiv, with a sketch cross section. He wa,s inclined 
to ]»laco the strata as Carboniferous. 




White Cliff and Sandplain, South of Mingenew. 

Fig. 2S. 

Fossils have also Imh^u found in the clays about 1% miles 
south-west i)f (Jnoolowa Hill, about five miles westerlv (see Bulletin 
27, p. :«;). 




Mounts Victoria and Albert, Lynton. 
Fig. 29. 

inspectinj*: the deep bore then in proo:ress, and a few more speci- 
mens were collected; this is the southernmost of several low hills of 




Sandstone Clilfs, Oreenough Biver. 
Fig. 30. 

ferruginous sandstone, and the fossiliferous zone outcrops round the 
hill about T) to 20 feet below the top. An old tiack from Minjrenew 
passes on the south si<le between the hills, and the fossiliferous strata 
can be seen on this track [354, 1903, 8015]. A ferrufrinous dyke, 
about 9 inches wide, passes through this hill in the direction of '^^'^ 
degrees and dipi)ing 80 degrees to the west, and there are also 
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several other small i'errujriiious (lykt»s in the adjacent hills [7866/7]^ 
A somewhat similar formation occui*s at Enanty Hill, about two 
miles northeily. iuu\ a pyriteous fossil bivalve shell was obtained 
here in smkinj* fi)r o well recently [7714] ; its designation has not 
vet been determined. 



JTRASSIC STRATA. 

Over the dennded snrfaees of all tiie precedinji: rocks a«d strata 
there were dep(»sited a series of sandstones of ori-eat thickness; some 
of them are still very loose an texture, with a minor proportion of 
clays; othei-s are very hard, ranging into ironstones; also shales 
with oceasional small patches of lijrnite; tlie uppermost beds aie 
limestone bands often fossiliferous. Some of the ferruj»inous sand- 
stones have been found to contain fossil palms, reed stems, and 
wood. The series are nearly horizontal, and are probably undulating; 
sli5>:htly, also the frecjuent current beddinjc causes some uncertainty 
in detennininji the dip (Fiir. 'M). They are frequently saline, and 




Cliff showing current bedding, Greenough Biver. 
Fig. 31. 

have been prol>al)ly deposited alonir the then coast during a loni* 
period of tii'adual depression of the land surface. The thickness of 
the strata nuist be cjuite 3,00()ft.. for the base of the series was not 
reached in the Racecourse bore near Geraldton at 1,531ft. depths 
this, less 9r)ft. elevation of the bore site above the sea, gives 1,436 ft^ 
below sea-level; they also form the hills of which Wizard Peak is 
^»ie. about 8 miles easterly from the bore 1, 180ft. height by aneroid 



barometer, which is about the level of the country at the (leep 1 
15y2 miles eastwards of Eradu, proving: a thickness of 2,r)16tt. 
'General Section, Plate VI.. Bulletin 2(5). 

Commenedno; at the south end of the district mapped cont 
-oiisly these strata can be described as occupying the white sandp 
•counti-y of tlie Arrowsmith River from about o miles distance f 
the coast where they are overlaid by the coast limestone to the 
lying granite ridge of Arrino and Yandanooka, their boundary ; 
thence through Mingenew to the Upper Irwin at Yaragade, > 
gatty, Gnoolowa Hill and Edong towards the main granite ra 
(Fig. 28). A remnant strip extends up along there from southwj 
fonniiig the outer portion of the main high lying ground of 
country inland. From the rp|>er Ii-win localities just mentio 
they extend across to the Greenough Ri\'er flats near AValka^ 
.and the granite tract around the homesteads of Glengarry 
Tibraddon; from there they extend heyond Eradu towards 
Kockatea Creek. From Eradu northwards they skirt the east 
:side of the granite and quartz conghmierale divide east of 
(>hapman River. From near Geraldton they form the long eleva 
tract of which the Moresby flat-topped range is the southern ; 
Norpian's Well the northern termination ; isolated remnants fc 
the flat-topped and conical hills in the (^hapman valley and c 
.Hers towards the coast (Figs. 32, '33-H). A granite tract intervc 




Mount Summer. View across the Chapman Valley. 
Fig. 32. 

;around Northampton, beyond which they continue north and n«Ml 
west towards or beyond the Murchison Hiver where their honndj 
has not yet been mapped. 

These strata can be well seen in the high and steej) ramp 
•escarpment that bounds the main inland |)lateau along the caste 
side of the Greenbrook and northwards to the Ui)per Irwin ai 
•Greenough Rivers. It is composed of Iiorizontally ferruginous a 
friable light-coloured sandstones with occasional clay bands and cl 
•sandstones, which cause springs to occur occa^itHially at vanal 
^elevations in the face of the escarpment, as at De Burgh Spring 
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at tlie i't>(»t as at Ehnno Sprinjr. The edgie of tlie escarpment is 
steep l)et'ause tlie surface of the sandstone lias been indurated by 
secondary silica or iron into quartzites and latent es which break 
away whenever the softer sandstone below it becomes eroded by 
atmosj>heric agency. The valley below is composed of blue clays 
and brownish-yellow sandstones of presumably Carboniferous age. 
Whei-e this escai*praent is cut throuj?h by livers and watercourses 
deep jrt>rire« are formed, in some eases having a ravine-like character 
as in the Upper Invin in the neighbourhood of the coal seams. 
Westward of the railway line at Arrino they attain about the same 
level as the escar})nients, about IJoOft., and form the sandpladns 
already described, with occasional springs at the clay beds; these 
sprintrs are mostly diatomaceous. 

The clitTs or blufTs on the sandplains near Mingenew exliibit 
white sandstone with lower beds of very ferruginous sandstone. 
The latter form the hill to the north-west of the town, where there 
is a <|uarry. The same beds outcrop about 3V2 miles due north of 
Mingenew at the same level, 88()ft., and here a tine series of plant 
remains consisting of palm leaves, reeds, and wood were foinid. 
These evidently once grew where they are now found, and they are 
very welcome indicaticms of the geological age of the beds; they 
have iM^en submitted to Mr. K. A. Niewell Arber 6f Cambridge as 
the best authoiity on the subject, and his report will appear in 
Bulletin No. 36 [7722, 8104]. His conclusions in regard to these 
spe<'imens are as follows : — 

Of the s[)('ciniens examined, the fronds of Otozamites Feistmanteh 
Zigiio, and the s|)ecimen compared with PagiophyUum alone afford any 
ovidciKM' as to the age of the beds. These plants occur in the ,Iurassic 
of Kuropc. and possibly also in (?) Jurassic beds in Queensland. So 
far as a comparison with the European fossils is eoncerued the age 
wouM a])poai to bo earlier rather than later Jurassic. Fcistmanteli 
Zigno ( «iurs in the Lower .rurassic of England and Italy, with which 
8104 X, y, may lx» compare<l, a Lower Jurassic fossil from Germany. 
As regar«ls the plant bearing IxmIs elsewhere in Australia, the flora 
of be«ls ])robably of Jurassic age in Queensland at Talgai (Condamine 
Kivor), the Darling Downs, and IJosewood West of Rockhampton, affords 
the cloHt'st comparison with the specimens from Western Australia. 

At 3^2 miles farther northward along the same road some fur- 
ther specimens of fossil wood were found on the hills at about 50ft. 
higher level [7676]. 

About 51/2 miles westerly from this road is Depot Hill on the 
Irwin Kiver where a shaft and bore already described were put 
down to a de<i)th of 1 30ft., passing through 6ft, of shale according: 
to the contractor's account (Mr. Hindley). 

Numerous reed impressions and fragments of wood can be seen 
in the llaggy ironstone and sandstone exposed on the slopes of an 
escarpment facing south at about IV2 miles from this bore [8017-9]. 
Tlieix* are some veiy line samples of ripple marks on the sandstones 
about here and some remarkably fantastic ferruginous concretions 
to be seen, of which [8019], shaped like a Roman lamp, is a good 
examj)le. About 4V2 miles northward along the river on the west 



side there is a dry well sunk in a soft coa 
which there are patches of lignite [6689-93 

Northerly from here the sandplains risi I 
1,400ft. and escarpments of white sandsto ! 
10 miles but lessening in height, and bed 
gradually appear in the lower portions o^f I 

North of the gully at Nagatty the top c 
silicified possibly through the presence of , 
the soak or spring on the plain, IV2 miles ; 
Buggallie HilJ a (|uarry had been opened 
stone of good (juality with which Nangatt 
[7690], but this may beh)ng to the Carboi 
Section 2, Plate V., Figs. 'SS and 12, show t i 




Couutry near Nangatty, Upp : 
Fig. 33. 

here. Farther north there are very few esc 1 
gandy blue clay beds appear, but hoiizontal 
at Wye Spring and northwards towards and 
Spring. At YangTi Well, more westerly, 
faulting throwing the sandstones to an angle 
west. 

Northwards from Alum Spring a rapi 
only as far as Kockatea Spring, on account 
the season (October) for finding water, so 
ouring on the map north-westerly to the n 
mate only. 

About 30 miles due east from Nangatt; 
terminate in a bold escarpment of sandstone 
coast; they are capped with extensive depai 
Hill is an outlier of this plateau ; here the st 
covering material, and several small ferrugdni 
and hill sides adjacent have indurated the 1 
]>ortions on the north side have been g 
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8067-8]. The confljiuration of the 
plan, Plate VII. 



X 

o ^ 

h- h 

C/) < 

</) til 
O •« 

K 
O til 

I 
»- 

o 
c 
u. 



til 



hill is shown on the sketch 

Fossil stems of a 
plant apparently a 
species of Kquise- 
tacae, and Palm or 
Otozamite stem scaler 
and pieces of wood 
occni- in the sand- 
stones and crrits of 
the north side. 

There is a quarry at 
the north-western spur 
in a jrood flajr^y sand- 
stone, which has been 
used for building pur- 
poses at Allanooka 
[8059]. 

A limestone band oc- 
curs at about 100 feet 
below the summit of 
;i the hill and can be 
well seen on the fence 
line, 10 chains west of 
the summit. Here num- 
erous Jurassic fossils 
occur in an excellent 
state of preservation. 
On the ridge, also, ex- 
tending north from the 
summit, there is a fos- 
siliferous fine-grained 
sandstone [8047-8. 
8055, 8062-4, 8843]. 
(Figs. 35, 3()). 

Ten miles from 
Mount Hill on a radial 
line from north-west 
to north numerous out- 
crops of these lime- 
stone bands occur near 
or at the tops of the 
flat-topped hills skirt- 
ing the Greenough valley; these bands are rich in fossils of a simi- 
lar facies to that occurring at Mt. Hill [8074]. 
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Mount Hill, from the South. 
Fig. 3.5. 

the iiispectdon of part of this district in 190(3: the same beds out- 
crop also about % mile north of Newmarracarra Homestead [8807] 
and at the deep railway enttinjr about 'U niile east of No. 1 Tank 
(Plate IV., Fig. 6). 




Mount Hill. 
Fig. 36. 

The same fossiliferous band may be seen at the top of the Two 
Brothers, which are outlyinj? hills of the Moresby Flat-topped range, 
teii miles north-westerly from Wizard Peak [8842], but it probably 
does not extend nuieh farther north, and at Wokatherra Hill it is 
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ex'idently represented by a limonite bed with fra^rments of wood 
[8854-5]. 

At Loc. 1846, about IV2 ™iles south of Wizard Peak, at an ele- 
vation of 468 feet, ferruirinoiis sandstones ooexir with g^-een -coloured 
patches; these are pliosphatic, containing Dufi'enite, identical with 
that which occurs at Dandarraga, east of Moora, and described in 
Bulletin 26, p. 14. It was also met with at 18ft. depth in sinking: a 
well in Loc. 1878, about 3 miles north-westerly. This shows that 
there is a widely extended area over which these phosphates may be 
found. It is interesting to find that the holdere of land about this 
locality are very well satisfied with the yield of their cix)ps. 

The following are the particulai-s of the strata pierced in the 
deep bores put down at Dongara and Yardarino, that have been 
already referred to: — 

DONGARA BORE. 



Nature of Strata. 



Thick- 
ness. 



Depth. 



For- 
mation, 



Sand 

Clay 

Sandstone . . 
Limestone . . 
Sandstone . . 

Clay 

Micaceous sandstone 

Drift sand (incoherent sandstone) 

Sandstone wath coal seams 

Carbonaceous Shale 

Sandstone . . 

Sandstone with veins of coal 

Sandstone . . 

Sandstone with bands of carbonaceous 

shale 
Sandstone . . . . 

Grey shale 
Sandstone . . 

Shale 

Sandstone with thin shales 
Micaceous shale . . 
Sandstone . . 

Struck water, temp. 104 degrees 
Flow 216,000 gals, at 1,478 feet. 

Shale 

Sandstone . . 
Micaceous shale . . 
Sandstone . . 

Total 



ft. in. i 


6 1 


3 6 


50 6 


12 


23 


45 


90 


30 


45 


4 


110 


15 4 


42 8i 


12 9 


42 11 


2 


705 11 J 


9 11 


124 10 


28 7 


88 6 


57 3 


100 


82 7 


379 3 


2,111 7 

1 



ft. in. 



6 

9 6 

60 

72 

95 

140 

230 

2(K) 

305 

309 

419 

434 4 

477 Oi 



489 
532 
534 
1.240 
1,250 
1,375 
1,404 



1,492 6 

1,549 9 

1,649 9 

1.732 4 

2,111 7 



Recent 

do, 

do. 
Tertiary 

do. 

do. 
Juraasio 

do. 

do. 

do. 

do, 

do, 

do. 

do. 

do. 
do. 
do. 
do. 
do, 
do. 
do. 



do. 
do. 
do. 
do. 
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YARDARINO BORE. 

Nature of Strata. Thick- 

ness. 



Depth. 



For- 
mation. 





ft. 


in. 


ft. 


in. 




day and sand 


53 


7 








Tertiary 


Quartz gravel 


76 


6 


53 


7 


do. 




16 





130 





Jurassic 


Quartz gravel 


6 





146 





do. 


Micaceous shale . . 


48 





152 





do. 


Fine white sandstone 


10 





200 





do. 


Grit 


11 





210 





do. 


Sandstone and shale 


29 





221 





do. 


Micaceous sandstone 


5 





250 





do. 


Shaley sandstone 


30 





255 





do. 


Lignite 





6 


286 





do. 


Shaley sandstone 


59 


6 


286 


6 


do. 


Shaley sandstone (and coal 7) . . 


3 


6 


345 





do. 


Shale 


16 


11 


348 


6 


do. 


Sandstone and shale 


16 


11 


365 


6 


do. 


Sandstone, shale, and iron pyrites . . 


74 


8 


381 


4 


do. 


Shaley sandstone 


4 





456 





do. 


Shale and sandstone 


22 





460 





do. 


Grit, sandstone, and shale 


64 


7 


482 





do. 


Grit, sandstone, and shale cemented in 


126 


64 


546 


7 


do. 


places with pyrites 














75 


6 


673 


H 


do. 


Shale 


45 


n 


748 


74 


do. 


Grit and sandstone 


30 


11 


794 


5 


do. 


Sandstone and grit cemented in places 


52 


8 


825 


4 


do. 


with iron pyrites 












Sandstone with occasional pyrites 


40 


6 


878 





do. 


Shale and sandstone with pyrites 


63 


2 


918 


6 


do. 


Shale 


23 





981 


8 


do. 


Sandstone with occasional pyrites 


93 


6 


1,004 


8 


do. 


Sandstone 


11 





1,098 


2 


do. 


Sandstone with occasional pyrites 


152 


1 


1,109 


2 


do. 


Sandstone 


42 


10 


1,261 


3 


do. 


Shale 


9 


11 


1,304 


1 


do. 


Grit 


87 





1.314 





do. 


Shale 


40 





1,401 





do. 


Sandstone and grit with occasional 


166 





1,441 





do. 


pyrites 












Total 


1,607 





1,607 








When boring ceased, the water stood at 25 feet bolow the surface, 
and at this depth 2,000 gallons per hour could be pumped without 
lowering the level of the water. The temperature of the water was 
87dog. Fahr. (See Plate V.) 
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Two Hamplos of the water were submitted to the Govornment 
Analyst, Mr. K. A. Marn, at whose hands the following results in jjrains 
per gallon were obtained: 



Silica 

Iron and Alumina 
Carbonate of Lime 
Carbonate of Magnesia 
Sulphate of Lime 
Sulphate of Ma^ne^a 
Chloride of Magnesia 
(Chloride of Sodium 



•62 ' 


l.(U 


•46 


•28 


4-86 ' 


2-58 


3-50 


6-96 


6-60 


11-36 


6-72 


4-96 


5-38 


7-54 


67-76 


12 -36 



95-90 163-r>8 



It is of interest to note that an assay at the hands of Mr. E. S. 
Simpson, of the i)yritou8 sandstone, from 913 feet, yielded a trace of 
gold t(j the ton. 

Neithe»r the Dongara nor the Yardarino bores having entered the 
('oal Measures, and the main object of the operations being yet un- 
aceoniplished, the necessity for definitely ascertaining the seaward extent 
of the Irwin River beds may be held to justify the expenditure necessary 
to put down another bore hole to the east, where it may be expefti*<l 
tl^ese strata would be met with at a relatively shallow depth, providwl 
boring in such a locality would advance the general interests of the 
State, and not those of a private corporation. — Progress Report of the 
Geological Survey for the year 1901. p. 14. 

The Dandara^a ferruginous sandstones are probably also of 
Jurassic aj>e while the limestones eastward and northward fi*t>ni 
there are possibly Cretaceous. At Sheen Hill one mile north of 
Wizard I'eak, and at the (juarry ^2 ™iJe south of Mt. Fairfax. alKiut 
ten miles north-westerly, the sandstinie and clay is altei-ed in places 
by chalcedonic infiltration to eonnnon opal of varying hardness. The 
name iiulicates tlie iridescent iron that coats the sandstone at the 
former locality; 1 however, did not see anv iridescence in the opal 
[8802]. 

From Mt. Fairfa.v to Bowes River, about 24 miles, there is 
the liij>:h level tract of the Moresby Range already described, com- 
posed of Jurassic sandstones which forms the western side of the 
Chapman River valley. ( Fiir. '^2. negatives 519, 520). 

In the neighbourhood of Oakabella there are numerous and 
picturesque hills in the ouilyins' patch of the same formation, of 
these King\s Table Hill and Long Hill are conspicuous. (Fisis. 37. 
38; Photos. 23, 28 to 38.) 

;•! Northward of the Bowes River the Jurassic series form the 

western boundary of Sandy Gully to Nonga Hill and on to near Mt. 
^''dloujrhby about 15 miles, and presents mostly a precipitous e?- 

I 



Ii3 

carpment. White clay bands ai)pea!* in their upper portion form- 
ing the hard surface of the plains between Non«>:a Hill and Garden 






Long Mountain, Oakabella. 
Fig. 37. 

Gully and the white water to the west and south, and continues 
beyond tlie Hutt River. At Mt. Victoria and Ml. Albert opposite 
Lynton and the high escar])ment near by to the northward, the clay 




View from the summit of Long Mountain. 
Fig. 38. 



O.B. '8 3. 
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^mlnf^ t»r^ perm^aled vrhU elialcmlonie mflhi-atioiijii forming' eumiuiin 
*ijijj( si»ii)jir to Hmt at Sliperi Tlill am] nf <.Mi|oai^ raii^iu;: fmna 
vvliiie. bniwii, yelUnv, to purple [8678-9, 8698-8708]. Fi^. 29. 

iln lilt* eastern side of The quartz eun^lomeratt^ uf the Ml. 
Kill J JislrJrt hiK'izontiil Ik»<Is nf vvhili^li ar^^illureouw saiidsttme an^ 
dark (line Hay cir sliaU^ upjiear^ aut^efde^l by moll led cluys aud 
li^'fd e<»lmu'e<l snndst*i»e!*: their most j^nitljerri <mtt*rop h^ iii the 
v^iilereiMit-ses lit 1^k\ 77; they were met uilli al the dry well lo 
!%*ui>(*'s Lor. 2828, \sliere after 5 ft. of red s^nl and .j5ft. nf mottled 
elay. U*fL «if dark blue sfialey elay was met wiliv; a l>jre wajs eon- 
timied ti* a ti>tal depth nf H>4ft. into the same material [7630 1]. 
T'^vii miles fart her north at FtnrtsterV \Vheatp\r Spring and at 
Ihirawah Sjirin;r. Reserve 89, tliei^e elays tx'enr, the latter spring is 
dial omapei MIS as is alsn Corner AVelh Lot 78, Mt, Erin Estate sub* 
divipii<m. [ 7383. 8846-9]. Helweeti the two tiiist-mentioned springs 
tliere are steveral small sulplmmus sjinn^ where the ronglomerati 
blnfT fKrnr>. A sjim]>le of earth [8846] from tliere was anah-i^l 
hv Ml. Siinivson aiul fotmd U^ contain the followin^^: — 

p^^r cfot, 

¥yni^. FrS.j 18^7 

Melivnterite, FeSlJ^, 7HaO 34- ft 

Thi^lite, Fej(St^]I2H/J .. _ ,. 4*7 

In**obihl«» tniniTjd matter .. ,. .. 1-6 

l>rgi*iii€ iivntter . , , , , . , , , , 4t>* I 
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From the Wheat ^ar Spnii^ the tdays extend no Hit wards ihrtrnpl* 
\au*. Jl'i when* a well has been snnk 60ft. in bine Hay yield jujf sail 
water, nut] tfinnmh Loc. fi;i, wheiv a well was smik IHOft, in the 
sanii' niatcM'ial \vilbi*nt iiblalnin^ water, liioairh a fair snpj^ly was 
ohtniiuMl in sandstime at 211 ft. dejilli near the western iHJunclary. 
Karfhci' nfirthward the rlnys form the ^jreoter part of the Viina area, 
over wliieh there are palrhes nf ferrnpnons sandstone and mn- 
Ldomeni^les, the snrfaee of parts of thet^e roeks is j^^reatly silieilied, 
at the na-k hole, Loe. !it>2l>. and aronnd the dejiression exteudiiiir 
frtmi Uw. 'M\m to 3ii28 [8845]. 

Ill Iah\ -i!it>7 the (povernment have snnk a well in the iKittom of 
the main watereoni>ie whieh is beltov the bine elay horizon: it 
passed throu^^^h slift' white elay into white sandstone when a fair 
sniiply of ^^iiod wafer was obtained at a depth of 4(lft. [8680-1]^ 
Bores were also put dmvn at a nnmber of ploees in the bine cdaT 
of the Ynna area to a depth of about 100ft., all vesnltin^t: in thither 
sabrie or no water beiner obtained. 

The bed of tin' Irwhi River, near Mmidara Spring, is in a blue 
'* "v fTon> whiHi, dnrinv: the snmnier, lliere h a wdiile eftlore^eenee 
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which has been determined in the laboratory to be a mixture of 
oornmon salt with a small proportion of Epsom Salt. 

Of the economic products of this Jurassic fonnation mention 
should be made of the frequent and often extensive patches of iron- 
stone ^avel and latei-ite (ironstone conglomerate), which hitter is 
but a more solidified foim of the gravel. [7700, 7710, 7787, 7866, 
7878, 8066, 8066, 8071-2]. These form the best materials 
possible for country roads, being: both inexpensive and dur- 
able; a very .i<i*eat advaytag-e where the roads are chiefly 
over loose sand, which causes exhaustive haulag:e and slow 
travelling. The flaggy ironstone bands that freciuently occur 
in these beds afford a rough building m-aterial: occasionally 
the iron is present in sufficient (juantities to constitute an ore in the 
form of limonite and hematite [4060, 8056, 8803, 8855]. Ironstone 

•concretions in these sandstones are very frequent and they are as- 
sociated with thin flaggy ironstones. The conci-etions vary from 

•circular balls to pipe-like stems, usually dustei-ed two or more to- 
gether. One concretion obtained south-west of Depot Hill is shaped 

like a Roman lamp [8019]. These are formed of a shell about one- 
tenth of the diameter and the interior is filled with a yellowish 

earthy powder. The flaggy ironstones are so numerous aiul thick 

occasionally as to constitute an ironstone rock. [4796, 7870, 7882, 

-8018-9, 8021-4, 8031, 8682]. 

Some remarks on the ongin of these deposits and of lateritc are 
Tiiade towards the end of the section on the subject of silicification. 

Springs. — Infusorial earth occurs at most of the sprin*;s which 
flow^ from the sides or base of the Jurassic sandplains where they 
are underlaid by argillaceous sandstone and grit. These springs 
have very pure water and the earth is largely diatomaceous and has 
a peaty appearance. When dry it assumes a grey colour and can 
be .seen under the microscope to consist of the silicious cases ( frust- 
niles) of diatoms and spongilla spicules. 

The mound si)rinjis at Loc. 3179 and 3199 on the Arrowsniith 
River have a singular appearance fonning banks and mounds three 
or four feet above the surrounding surface of argillaceou.< and 
silicecms grit; the spring water percolates through the entire mass 
•of infusorial earth, ajul pools can be readily excavated in it and 
afford a permanent supi)ly of water; the base of the mounds i< .')0 
feet and more across, with reedy vegetation upon them. [6656 7]. 
Water sample No. 3. 

Water sample No. 4 contains diatoms from the scum of these 
l>o<)ls. No micro slides or descriptions have yet been made of these 
<liatoms. 

A good spring occurs on Reserve 973 and is known as the Ar- 
xowsmith Well, on the old track from Perth to Geraldton, see water 
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TMiuipl*- N*i. 2 J7578]. Tlie sininsr M \h^ 
th»lnmni'tHuis piirth; it m^vd t'ormorly in nvv 
Hif tw'ii weHs till ani! innir Hip Uiiihvay lin 
**rtiist*cl it t" i^tup tiverlUiwing* [ 7579], \\ 

At Yimdatntfiku (here nw two vi*ry |r«>o 
It sHiukt'iiif iiulcrop t*jist i»r the Hi>mt*st»^ari. 

A I Eyre (Inlly, abmil three tiiilei?^ suuth- 
tliiMi* are tH*venil i^^iriuiis aiul t'in*m the one 
laiiki* Mt tho station are suiiplieil hy gt^aviia 

Slime of t[ie hfiu^t^ in the Uiwii^hip 
ihe Hiirphti*. ¥\}x. 39 shows the InxuriouiS ^ 
jarent to the Sprin*i>^ ami the Geolofpeal S 
Wiiter >ijimp!e Xo, 1). 




At Eyre Gully Springt Min 



f 



Tlie oilier spt*iir*i!? at P^yre Qiilly ar^ 
ttiiM 7 ltil>; the latUM snpplicf^ » yanleii whii 
h\ vvltieli a eoissitlerable variety of fruit tree 
yieUl ^ofiil retiirius 

Miniieiiew Spring; in Rei=er\'e iJ57, nl the 
i«? ilia!i»tnjH*eoti5* ainl tlie earth nXnmt it has 
eiittini: and di'vin^ into hloek^ fur cottage 1 
p*»^e it serves well, especially wlieii proteete 
The wnter is pme atul sfiTt, s^ee Water s aiB 
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Several wells have been sunk near the Railway Station with- 
out success, for the w^ater-bearin*? stratum oecui*s higher up the hill. 

The general water supply from wells in the neighbourhood i& 
considerably charged with sodium and magnesium chlorides as at 
Fogarty's Well, v.d. 107ft. in Loc. 1825 sunk in a white sandstone; 
these ingredients cause deposits and corrosion in tanks and kettles^ 
see Water sample No. 12. The Laboratory report states that: — 

This sample owes its corrosive properties to the presence of mag- 
nesium chloride. To destroy this salt two pounds of caustic soda dis- 
solved in a little water should be well stirred into each one thousand 
gallons of the water, and the sediment then allowed to settle before 
use. ('are should be exercised not to use a greater proportion of caustic 
«o<la than indicated as excess of this salt would also cause trouble. 

The water in other localities is more saline and not always good 
enough for stock. There are indications that the salinity of the 
well supply is increasing of late years, possibly through the lower 
stratum of water becoming exhausted and the supplies from the 
more saline strata of the sandplains being drawn upi>n, but a few 
years of a better rainfall may rectify this tendency. 




Mondara Spring, Irwin River. 
Fig. 40. 

Moriary Springs in and adjacent to Loc. 2o7, about six miles 
south-east of the Strawberry Siding, are also diatomaceous; they 
occur near the top of the spur of the tableland there. See Water 
sample No. 16. 
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mill W liter saiitfile Kt). 13* ^M 

Irwin Spnii^, in Ixk*. SiTX i&^ of dmilar < 
Htifl Mvpplii*?^ iIn' iniUvrtv hniks hI the ?=rdin^'^ 
jiepilivi* Moil [5043 I HfKl WaifT jiatfiple No. 14. 

Tliert' tiiv iieveral sprijig;^ an the east side 
hinI Irwin vjilleys, Injl Ihese arp iiol rjialumafi 
I»m1nni* bnlli foi- i|u»Mly himI r|uaiuity, ii^ fht^ Kl 
7 Hi. ahiHit 14 miles in a cliieH-t Inie t'roin Minj^ 
Hnlhsuy j^iail, in a vvfiit*^ ar^iillartHHis sandsto 
the rise lowanls^ llic ^niiiitt* art-ji hI an elevaii«ii 
vjpld if? jjrtibuhly nml<M' llMKH> |;alU>ns a liay. 
1(K 



i 




The Ytm^'arltm Woll is iti ^^neiss ahoul two 
(he .*^ine nanL it zdE»a has pawl water, lieiii!^ mi 
between two (|nailz reefs a few ehaitii^ ajiart, 
wants the north, ivntl its eltHalion is 1,45*1 feet, 
N.I. It. 

About e|f\*en miles stnitli i'rom here in M 
side oT the (wiiril of a Iniih es<*arpment and j 
the top, is a permanent sprinic oT ^ooii water, w 
DeTinrjfJi Spring. ^ 

Three and a-lmlf miles north of Ebani 
Spring in Ijoc. 612, on a braneh of the Ebano ( 
elevnlion of abont 950 feel^ and is slightly salin 

An extremely salt spring ocenns in the be<l 
ehuse to the soiitij-west ronier of Beserve 21^117; 
is ^^Warrap^i.'' It aTjpeni^s to he permanent i 
iliiwii stream lor it lon^ way jind stoek will mA < 
sanijde No. 8. 

There i^ a small hat permanent spring of g< 
third of a mi|p north ot" the coal drive and on 
wrtterroiU'se. wfiere it iniei'sects the rlitfs. It is 
jKitable water for many tiiiles aniiind. Its imti 
if is also loeally known fis the ^^l^oirhole Sprin 
stfiTe here. 

Twelve miles smith- westerly from here is I 
in a depression tn tlie liiii:Ii level plain an the w 
valley. The rtn^k is arijilbn/eons saiiilstime stn 
(Mini ly [76901. The pool is tvich^iitly only a soi 
m^uieiu supply of ^MHid water. See Water sa 
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is also a spriii«r in the face of the escarpment about two miles south 
easterly in Loc. 1167, the site of the ori|a:inal homestead. 

Durawah Sprint? is in Reserve 8&, six miles south-easterly from 
Mt. Krin; it is near the west maro:in of the quartz conglomerate 
rid^e and has diatomacei:)us earth resting upon white clay [8847-8]. 
See water sample No. 17. 

The spring in Loc. 42, Narra Tarra, is about two miles south- 
westerly from Fossil Hill and is on the boundary of the Jurassic 
series; it is diatomaceous [8818]. See negatives 517 and water 
sample No. 18. 

Two miles easterly from here is the so-called Higgetty Spring; 
it is, however, only a soak in a vaNey which trends northerly. There 
is here a clay pan at the north end of a gi-anite outcrop; it was dry 
at the time of my visit in March, ]909. 

The sample of water from Willow Gully, near the mouth of 
the B<)«\ves River, Loc. 428, is ivom the well in the garden of the 
homestead and is near the boundary of the coastal limestone; see 
water sample No. 19. 

No supply of water was struck in the bore of 500 feet, v.d., 
l)nt dmvn by the Midland Railway Company north of Mount 
Scratch, nor in the bores of 913ft. and 736ft. put down near Min- 
genew already referred to, nor in the Depot Hill Coal Prospecting 
Sydicate's bore of 278ft. 

Tlie deep bore put down by the (iovernnient at Dongara struck 
salt water at 1.478 feet and at the total depth it was 216,000 gallons 
in 24 hours, the temperature being 104 degrees. The water ran 
from the liore for four years until it became chokinl by rubbish. At 
a depth of 149 feet water was met with in a bed of sandstone, and 
stood at 17 feet from the surface. On further boring to a depth of 
n:35 feet the water rose within 2ft. 6in. of the surface. When opera- 
tions had reached 1,023 feet in a coarse gi-ey sandstone, the water 
rose t<» the surface. The tirst overflowing supply was encountered 
in a micaceous sandstone at a depth of 1,259 feet 7 inches, the yield 
being 128 <jallons per hour. This flow increased to 240 gallr)ns per 
hour at a depth of 1,327 ft., the water l)eing obtained from a bed 
of micaceous sandstone. A supply of fresh water flowing at the 
rate of 3,600 gallons per hour, was met with at 1,384 feet. The 
water, which is said to have been of a dark colour, flowed fnmi a 
micaceous shale and issued with a temperature of 98 degrees and 
rose 22 feet above the surface [5538]. 

The Yardarino bore already deseril)ed yielded artesian water, 
n flow of 589,000 gallons in 24 houi*s being struck at the total depth 
of 1,607 feet; this flow was not maintahied however, and after a 
few years it ceased to overflow. The bore site being about 16 feet 
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abt)ve the river bed, Mr. Phillips, the owner of the adjacent jrround, 
l)ut in a line of pipes from the bore to the river bed at the level of 
the latter and seeiireii a permanent flwv into the watereoui-se for 
stock pnrposes. The water has a temj)erature of 86de«:. and is 
saline. See water sample No. 20 [3438]. 

Nanjratty Sprin^r is a larsre pool around which there are several 
wells and affords a permanent supply of fresh water, but it is 
probably only a soak; there is evidently a soakagre from here to- 
wards the jjully in the escarpment IV2 miles to the south-east. 
Several wells have been put down for some miles northwards from 
here, yiehlinj; ^ood water, but 1^2 miles north-east from Naiiiratty 
S{»rinir there is a pi>ol with ver^• salt water in which was noticed a 
luxuriant srrowth of a slender bright frreen seaweed-like plant. 

At Allanooka, Loc. 809, about ten miles due east of Bookara, 
there is a strons; sprin^r of very ijood water, in a valley at the tV^ot 
of the hi»h Jurassic escarpment, where there is an extensive elay- 
imn. It is diat<miaceous [8061, 8065]. 

Kejrardin«jf the water ijenerally, Mr. Simpson remarks that there 
is a pi-evalence of nitrates in the water north of Minjyenew, which 
fact is interesting: since it is probable that the same «*ause whieh 
broujiht this about has been lara:ely responsible also for the pres- 
ence of nitro«»:enous deposits in the caves of the district south of 
Min«renew at Jankara, Jinjremia, and the Nambung valley. Tliis 
subject is discussed at considerable lenj^rth by Mr. C R. Van Hise 
in his oreat "Treatise on Metamorphism," formini^ Monograph 47 
of the U.S. Oeolofrical Survey. On p. 542 he writes: — 

In the arid regions not only are the relatively insoluble compounils 
jirecipitated in the belt of weathering, but the readily soluble eonipountls 
may likewise be thrown down, such as the salt-s of the alkalies ami 
alkaline earths. Tliese elements may be combined with any of the acids 
which exist in the soils. Thus there may be precipitates of such soluble 
salts as the alkaline carbonates, and even the alkaline chlorides and 
nitrates. The more abundant salts precipitated are sodium, potassium, 
calcium and magnesium carbonates, sulphates and chlorides. Nitrates 
and borates of the bases mentioned are also locally abundant. In anT 
given case the bases and acids unite in such a manner as to produce 

the most insoluble compounds The compounds are 

likely to be precipitated in the openings of the rocks, where evaporation 
may occur. Such openings are, of course, by far the most abundant in 
the soils at and near the surface, and decrease in abundance with depth, 
but below the soils are found joint cracks, bedding parting^?, eavess, 
etc., and in such openings deposits of the various compounds are built 
up. While in these openings the precipitation is Lirgely dependent upon 
the abundance of the solutions and their evaporation, and also upon 
the abundance of the various salts and their evaporation, and also upon 
the abundance of the various salts and their relative solubilities; in 
exceptional cases the reactions may not be simple chemical ones, but be 
largely or wholly de]>endent upon animal life. This is illustrated by 
certain caves where abundant phosphates and nitrates are attribute*! 
to the excrements of bats. But as already said, the preponderant pre- 
cipitates of the belt of weathering form iii the soil. 
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SiLiciFiCATiox. — The extent to wiiich the high level surfaces of 
the strata have been silieified is very remarkable. This is most notice- 
able alona* the taps of the eastern escarpment of the beds of Jurassic 
a«re of the Greenbrook and Irwin valleys, wheiv the friable sandstone 
has weathered awav leavino; cliffs protected at the top bv a quai-tzite 
cappin- [7597, 7599, 7675, 7793, 7862-6]. Blocks derived from the 
•breakinir down of these cappin;^ are strewn all over the valleys 
[7806, 7847]. A closer examination of the cappinf>: shows it to have 
a matrix of oflassy or amorphous (juartz evenly distributed through- 
out its mass, the result of the deposition of silica in solutitni prob- 
ably extending over great periods of time. The depths to which this 
siliciHcation extends varies from 3 to 20 feet, but at times it ex- 
ceeds double that depth as at Mt. Hill and at Coo row Cave. 

The same general features of fiat-topped hills with precipitous 
sides around their upper margins are produced where there is a 
capping formed of laterite or concretionary ironstone, but in the 
latter case it is usually of less thickness and may be then mostly a 
residuary deposit from the subaeiial denudation of the country, but 
in othei-s it is probably largely due to a chemical change or iron 
carbonates in the soil or in the component parts of the rock, or in 
some cases may be due to extrane(»us origin as in the proximity of 
ferruiiinous veins and lodes as at Mt. Hill [8060] and at the low 
hills P 2 miles east of Mingenew. 

In a few instances quartzite cappings were observed in valleys 
as at the side of a watercoui'se on the east side of the railway about 
four miles fnmi Arrino resting on argillaceous sandstone, which is 
probably of Carboniferous aue. There were here also a few blocks 
of silieified wood lying on the surface of the ground [7602-4]. 

There does not appear to he any trace locally of any sites 
where thermal spnn«is have once existed and moreover the wide 
spread and also scattered ])atches of ca[)i)ini»s are against that 
nio<le of origin as is also their flat-lying character; although the 
silicitication is mostly seen in the sandstouJN, the argillaceous sand- 
stones also have frec^uentiy these capj)inii-s as at one mile east of 
Arrino Railway Station [7601] and at (Jnoolowa Hill, where it is 
about four feet thick [7693]. Specimen [7691] shows the base of 
the alteration zone of somewhat similar material at the high bluff 
about two miles south-west of Xangatty. 

Another phase of silicitication is to be found in the silieified 
hI<K*ks of claystone (i)orcellanite) that are freciuently to be met 
with in the river ijeds .JLj niiies cast of Nangatty, apparently 
freshly washed out of the clay of the river bank, wliich would in- 
dicate that the chemical alteration had taken place while in situ, 
not recently but during the period that has elapsed since the Car- 
boniferous deposits were formed [7845-6. 7849, 7854]. Sample 
[8057] is fnmi the top of an «)iit lying spur of Mt. Hill, composed 
of "silieified grit," where .iireat depth of silicilication has taken 
place. See Appendix Xo. 1. 
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A MliciHcation of cave <>uano is mentioned in tbe portion treal- 
injr of the recent periixl, and the ocenrrence of siliciHed wood at 
Arriiio luis already l>een mentione<l [7603]. 

The^e pn>cesses of modification of roi*k characters are tlie re- 
vers** of the more ir^nerai workinjjs of chanjres by oxidation, car- 
boiiaiion. hydration, and solntion ; they bave been bronjrht about by 
dei*xiiliUii)n, silicification, dehydration, and deposition, and convert 
llie 5^one (»f weatherinjr into one of cementation. The arid coudi- 
lions prevailin*; dnrinjr tlie greater part of the year and the beat 
i>f llu' snn's rays probably have cansed b)njr penods wlien evajiora- 
liun is the precbmiinant featnre cansinjr tbe deposition <»f substance^ 
lield i)j SiiluticMi by snrface water. Clianjies of temperatnre and the 
ziltfi'nation (»f peri(»ds of humidity and dryness would also indm^e a 
*jreHl nriiount of circulation of water in tbe porous soil and nnk 
which would be favourable to tbe deposition of materials held in 
sidution. Mr. ('. K, Van Hise in bis work on Metamorpbism already 
alluded lo <lis<*usses this subject very thoroughly, and on p. 204 he 
tbii» detiiies the temis use<l: — 

f 'firbnnation is the union of rarbonic acid and base, or tbe siil)sti- 
tutuni of carbonii' acid for another roinbincd acid in either case pro 
tluein^ rarhonatcs. The oxide with which carbonic acid most frequently 
unitcH is iron oxide. Carbonic acid may replace any of the other ternary 
rock- form injr aciiLs, includinjf silicic, titanic, and phosphoric, and thus 
^ become imited with any (»f the important base*?. The carbonation of 

\ the Hilis'jiTcs is of fundamental importance, the carbonation of the 

titanHtt-s and phosphates is unimportant. 
i ne--nrl)onation is the separation of carbonic acid from a base with- 

I out Mi<^ :i*l(lition of other compounds or with the substitution of another 
♦ flciil Utr the carbonic, the most frequent su Instituted acid is silicic. 

Siljcation is the union of silicic acid and base, or the substitution 
of Hiliclc acid for a combined acid, in either case producing silicatt^. 
The only im|)ortant oxide with which silicic acid unites as a rock- 
forming constituent is iron oxide. Silicic acid may replace carbonic, 
fitanie, or piu>8phoric acid, thus becoming united with any of the bai-cs 

• with which it can combine. 

« iVsilication is the separation of silicic acid and bases without the 

J adtlitinri of other compounds or with the substitution of another aci'l 

W for thr Mlicific aci«l. The most frt^uent acid substitute<l is carbonic. 

• Si Unification involves the athlition of silica without union with 
bafie^. The a(bled silica may or may not rei)lace other compounds. 

PeKilicification involves the substraction of free silica. The snl>- 
tracttMl silica nmy or may not be replaceil by other compounds. 

II On [). 479 he says: — 

f The proc(»ss of carbonation just considered is one of paramount 

;1 import a iicL» in the belt of weathering. Although the process is not 

J HO extensive as hydration, if one were to pick out a single chemical 

I proiH'Hs especially characteristic of this belt and of great significance 

'Ji in geology it would be carbonation. 

I Hh then tjoes on to discuss tbe subject on p. 546: — 

Many sandstones which have long been exposed to the weather 
liave !i thin outer layer or crust of quartzite. Sections of such material 
show that it is a true cementation quartzite. Case-hardening also i»ccurs 
an many kin«ls of rocks, for instance granite. In the production of case- 
tiardciiinjLT the waters have penetrated to a greater or less depth, an'I 
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through capiJlarity have been brought back to the surface as a result 
of drying of the outer surface. During the journey the water silica 
is dissolved, probably mainly in the colloidal form. This H Si O is 
doubtless largely that liberatetl from the silicates during the process 
of carbonation. Probably the solutions do dissolve some silica from 
chert and quartz, and bring it to the surface, but the amount of this 
is j)robably small compared with lliat transported in the colloidal form. 
It therefore appears that the process of surface cementation, so far 
as the cement is silica, is a correlative of the process of carbonation. 

Very near the outer surface of the rock the water evaporates, the 
silica is dehydrated, and quartz is deposited. In this case chemical 
change takes place. The silica is thrown down in a very difficultly 
soluble form, so that even in humid regions the falling water is unabla 
to dissolve the quartz and carry it downward. This process may con- 
tinue until the sandstone which may be loose or almost incoherent below 
the surface, is a quartzite at the surface. The case-hardened layer 
may he a mere outer film, but a fraction of a centimetre in thickness^ 
perhajis one-half to one- fourth of a centimetre. In other cases the 
case-hardening may entend to a depth of a centimetre or even several 
centimetres. Ordinarily the maximum induration is at the surface, and 
the transitions between the indurated and soft parts of the rocks are 
somewhat rapid. This fact gives positive evidence tha? evaporation and 
consequent deposition are at a maximum at the surface. 

In reirard to the ferrujiinoiis deposits on the surface he says, on 
p. .■348:— 

Surface induration, while most common as the result of the de- 
l»osition of silica, is not limited to this compound. The upward moving 
solutions carried by molecular attraction may, under favourable cir- 
cumstances, contain iron salts in solution. When the solutions approach 
the surface evaporation takes place, and the iron salts are thrown down, 
usually as limonite or hematite. If precipitated as limonite, this com- 
j)ound may be later dehydrated and hematite be formed. Where the 
iron salts are transported as carbonate, oxidation takes place at the 
time of precipitation. While it is not necessary to suppose that the iron 
is always transported as carbonate, since limonite and hematite are so 




Limestone Range, South of the mouth of the Hutt River. 
Fig. 41. 

insfduble it is natural to siip]K..sc that in most cases the iron is trans- 
ported in some other torm than oxi«le. and is chemically changed when 
precipitated. Hy the above processes we have surface induration due to 
irin oxide consent. 



In re*»aid to i'arbonalion, he says, on p. 476: — 

The reaction of carbon dioxi<le upon the silicates and other coui- 
])oun<ls in a soil there may be present both sedimentary and secondary 
carbonates. Now it has b<»en vshown experimentally by Bischof that the 
alkaline cartwnates are capable of decomposing the silicates at ordinary 
temperatures and pressures. A jjreat variety of silicates were thus 
<lecom posed, the alkaline silicates and carbonates of sodium, potassinm. 
calcium, magnesium, and iron were formed. Not only <lo the alkaline 
<'arbonat('S decompose silicates in the Mt of weathering, but other car- 
lM)nat<»s a(Com]dish the same result. 

The alM)ve extracts elucidate llie occurrence of both silicification 
in the form of <|uartzite eappings and also of ironstone gravel and 
laterite (or ironstone conglomerate), botli of which forms of sur- 
face changes are so noticeable in this district. 

TERTIARY STRATA. 

Bordering the coast there are Tertiary beds resting chiefly upon 
the en>ded surface of the Jurassic formation just described, but 
also occasionally resting upon the crystalline rocks. These Tertiary 
beds are limestone and sandy strata, the former attain in places an 
elevaticm of 800 feet, so that they must have been deposited before 
the depth over this part of the then sea bottom had been redueetl 
to 1,(K)0 feet. The elevation of the land was probably a very 




Limestone Hills from the bed of the Bowes Biver. 
Fig. 42. 

gradual one after the Jurassic period and was probably followed 
by a dei)resf^ion after or towards the close of this period, but of the 
latter no i)roofs wei'e noticed during this sun'ey. 
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Aloiijj tlie coast witli occasional short intervals this limestone 
forms a prominent ridge of varyinjr elevation. Southward of Don- 
jrara it is a somewhat sandy limestone, frequently cavernous near 
the surface, and it is in these caves that the so-called jruano deposits 
tK'cur that in the valley of the Nambung;, near the coast due west of 
Moora. Plate, Yigs. 41-46 and nej»atives .Vi'i, .■)24. The limestone 
north of Dongara is usually very dense and hard [8043, 8076, 8864]. 

The basal beds can be seen covering? ferruginous sandstone of 
Jurassic age in the valley of the Hutt River, near Lynton, and on 
granite in places south of the Bowes River [8838. 8867]. The lime- 
stone is frequently foraminiferal as at Irwin River and Chapman 
River bridges [8032-3] and at Loc. 1714, eight miles south of Don- 




Cliff at Yardarino, showing current bedding in sandy limestone. 

Fit?. 43. 



rgara, fossils are however luA connnon, but what is apparently a 
sjiecies of Terebralula was found in the capping of a small hill at 
Yardarino at an elevation of 41)0 feet [8035-6]; some fossil shells 
were met with in the limestone at the well in the sanitary <lepot at 
Dongara [8864] and in the railway cutting about a mile north of 
Bokara railway statitm [8044-6]. It is, however, possible that the 
latter may be only of recent age. A good section of sandy limestone 
sliowing current bedding and containing a few corals occurs at Yar- 
Kiarino near the school house, lot 13 [8037], Fig. A'^, A good deal of 
limestone and lime has been despatched from White Peak for c«>iii- 
xnercial purposes, and also from Crowther, a sample of the latter 
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Mouth of tke Irwin EtTer 

Fig. 44. ■ 

J 11 hi id I jjln^-es {\w liine^kine was coHi 
hwi* %n' fiiHii sha!fi»\v exrtivnliimH. 

At Pi Ml (iroijnry, Lvntuii, tlie reef 
liuiej^l^uic- li* litre i!i]>|)in^ ^lilejr. wtsl and s<^ 
iiti; ap III ion. Itni^r of the stitne iiml€ 
bivjilve .shells; tliese bliw^k^ are e\4ilHitly 
sti|it'riiuMitnbeiil stratum flint Ems di^ippt 
net ii ill of flit* st^rt Wiive^. 

Tlit^ un(liiliUi]i£r Hat exLeiulin|r bol\v<H*n 
nmii Nlvi?i'!r y a[»tuirenlly tfie sairie ajje 
iiiHrly pali^lies wJtit*ti jire ^^catlertMl over 
itrnrp tlian aluMil iJII feet cltej* iiiiil appeal 
Mraia lliat i^urruuncl Ihenu The new I 
l>iwth(*r passed thmu^h <me of tliese. 

Kiald Gully h in t*?restinir tni acccnint 
it evidpiitly \VRP' at i\m time an important 
Tnnier Flat near Booteaal Road. 

'\\i this |nM'itiil (H'obaldy also t*eUinj*;s^ i 
TKitii^ >i>il ill the valk*ys tit' the Binv4?s* ("hi 
rhii'h lias restilted iroiii the weiuiiii^ do 
Tlii^ iimijL'd lime a I my dij^piisal proi-Ui 
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such deposits separate from the Jurassic. It consists mostly of a 
semi-compact ferruginous sand with a slijifht admixture of clay. In 
the Chapman valley the bed i-ock being partly crystalline the dejiosit 
■can be more readily distinguished than in the others, and it can he 
seen to extend up that valley at the Chapman Agricultural area to 
an elevation of over 600 feet, A depth of twenty feet is of common 
occurrence for these deposits. 

The depressions in the surface of the plains which give lise to 
•clay pans are largely solution hollows, and the caves are solution 
channels. There is a similar hollow or valley at Bookara at the 
south end of the outer flat; it is IV2 miles long and becair.e filled 
with the flood water of the Greenough River in the year 1872 and 
remained so for several years and gradually evaporated. There is 
a funnel-shaped hole in the limestone near the south end into which 
it is said the water drained when it was up to the level of the hole. 
The height of the water reached to the top of tlie telegrai)h poles 
at the road. This is spoken of as the great flood; it was the nKue 




Inaccessible Cave North of Stockyard Qully Cave. 
Fig. 45. 

remarkable as the water came down fixjm the interior without there 
being any rainfall on the coast. Both the south end of the imicr 
flat at Mr. SewelFs Mt. Hill Homestead, Loc. 1424, and the outer 
flat at Stokes House, Loc. 89."), are 8 or J) feet lower than the flat 
.about three miles northerly and they also impounded the flood wat<'r 
there at the time of this great flood. 

Only a brief visit was made to the caves south of the Arrow- 
smith River; the route taken was from Dongara southwards along 
t!ie coast road, and the farthest point visited was the Three Si)rings 
Reserve 970, about oO miles south. 

During the journey the fii-st indication of the cavernous nature 
of the calcareous beds was the hollow sound when passing along the 
track on the flat near the well in l^oc. 1823, about IS miles south ot 
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ha<4c of tlie cave which tleepens somewhat there. Xiimerous hones 
of small animals an<l birds were noticed on the led^res of the floor 
[88611. 

AlK>nt one mile smitii of this cave there is an inaccessible cave 
< Kifr. 45) nefratives .V27, .YM), and within a mile south from there is 
the Stock Yard (lully, into which the water from the j;ully runs in 
winter time and occasionally tills it and then gradually soaks away. 
Thils cave is of lar«re <limensions; the funnel entrance is about 100ft. 
diailieter and 'M't, deep and the cave is about the same width and 
40ft. hig-h; there is a descent of about 2r)ft. or more to the buttora 
of the cave from the funnel hole. The bottom of this cave is very 
HK'ky thronjrh the stre'am carryin": away all small particles (Fijr. 
47). The subterranean drainajre from this cave is said to uo to the 
salt lakes alxnit 7 miles distant, which extend alonj? the coast for 
about l.') miles. F was informed that there are places off thi*^ joast 
where fresh water can be obtained from the surface of the sea. 

Another cave of smaller dimensions (K»curs about a quarter of 
n mile easterly fn)m Thi-ee Springs, about three miles farther south. 
The entrance is a small funnel hole, peroendicularly. which widens 
out after about 20ft. depth. 

PLEISTOCEXE AND RK(^EXT STRATA. 

The strata of the re;*ent penod include the sand dunes and 
sandy and coralline limestone &h)u^ the ecoast and to scmie extent 
the sand of the sand plains throujrh the disintejrration of the various 
rocks, the alluviiun of the rivers, the gravels and erratic blocks and 
<*vidences of snow glaciation, the gyi)sun). guano aiul salt depi>>its. 

The sand dunes fomi a noticeable feature on the coast and 
attain at least iJOOt't. elevation near the (Treencnigh River, and ex- 
tend a <listance of four miles inland at Dongara, but they are 
mostly conHnt*d to a strij) of half a mile in width along the coast. 
The san<ly and coralline limestone forms the low cliflF and reefs and 
can l)e seen at Leander Point and the entrance to the Irwin and 
<h^*enough rivers and probal)ly at Point Moore, but the latter were 
inaccessible at the time of my visit, through high tides. At I-.eander 
Point caverns of grottos have been worn out by the action of the 
waves and the coral structure stands (mt in bold relief [8041-2], 
negatives ;>r)S4), :U)9-71. At (lallin's (juarry near the cemetery ac. 
Donga ra there are recent shell beds, 2r)ft. above the sea-level [8038- 
40], Fig. 44. There has plainly been rec*ent rising of the land, 
w^hich has brought these corals up from the depth that is nece.-^ary 
for them to live below the surface of the sea. The top of the ci>nil 
ledge here appeai-s to be about eight feet above the mean sea-level. 
It is highly desirable that some substantial masonry pillais be 
constructed at such localities as this, to record the existing 
position of the land in relation to the mean sea-level in order to 
afford evidence in future years of any changes which may be taking 



S5 



place. Such pillai-s have been erected in parts of New Zealand 
many years ago and an elevation of several feet has already been 
proved by means of them. 

Small blocks of 
pumice up to 4 or 5 
inches diameter are 
frequently found at 
the entrance to the 
Bowes and Hutt Rivers 
and along the coast 
about there [8837] ; 
tiiese have been cast up 
by the sea waves, hav- 
ing apparently drifteil 
from the volcanic 
regions in the neigh- 
bourhood of Sunda. 
which is the neares-t 
scene of volcanic dis- 
turbance, where this 
material has recently 
been ejected. At the 
time of the last gi-eat 
eruption a few years 
ago the surface of the 
sea was covered in 
places with floating 
pumice and vessels had 
to i)lough their way 
through it, and it 
scored and s<'rai)e(l 
their sides. 

The alhivium of the 
rivers has only been 
delineil in special cases, 
such as the Greenough 
River (lats and some of 
the valleys in the 
Northampton district, 
the latter being shown 
on the previously pub- 
lished map of that 
part. The Chapman 
River alluvial includes 
some brick clays that 
are being used for 
bnckmaking near the 
mouth of the river. It has already been pointed out that much of 
the soil of the valleys and plains may have an older origin than the 
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rwent pericMl and luay he as much due to Tertiary weatheriiiiz as to 
rei't^nt tlate. (iravel he<ls occur occasionally in the river be<U and 
valleys, and evidence was also obsened of the existence of older 
hi«rli level jrravels; a patch of the latter was seen at the top of th«» 
sjindstone plateau, at the head of the breakaway in which the T)e 
Hurirh Sprinj; is situated; this p'avel contains worn and sniootlieil 
hhH-ks, nearly six feet lonj*:, similar to those that may be seen 
scattered in huver parts of the valleys and which are evidently de- 
iive<i from the (|uartzite.s which are in situ near Rilleranjiti Well. 
10 mil(*s to the north-east. These however may be rearraiisetl 
material of the Carhoniferous age glaciation already i'eferre<l to. 
This hrinjrs the subject i>f snow glaciation under consideraticm to 
acc<mnt tor the <listribution of these blocks, and certain moraine 
accunndations at Mt. Hill and, in less plain de*n*ee, some other place? 
also. 

T\\v>e dejiosits at Mt. Hill consist of moraine-like lines of n»cks 
arranged alonj^; the heds of the two "rullies in the northern portion 
and lu^aps like terminal moraines (Fig:s. 48-50). The blocks of 
rocks composinir the hea[)s are of local onjrin and do not sbow any 
pojisliin;: or groovin«>:, but are collected into these rows in a tnuigh- 




The upper portion of the Eastern Moraine, Mount Hill. 
Fig. 40. 



like manner, with a C(mtimu>us lateral ridi»:e like ordinary glacial 
mof«i>»t*s- Their rejjniarity is far greater than would result from 
iV) Adventitious gathering of fallen rocks, and they have not been 
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arranged by water, for the blocks are not sorted to size in botls nor 
are they mixed with tjravel or sand. The bed of the ffully is wholly 
filled by these rocks and there are numerous conical pits up to 
five feet dianietej* at the top and ranging to about three feet deep. 
The only explanation that ajipears to be able to account for these de- 
posits is that of a snow glaciation, which was sufficiently solid to 
transport blocks of stone but not to jrroove them. 

There are appearances elsewhei'e in the tjfianite area between 
the Greenougfh and Chapman Rivers which may be interpreted 
similarly to these instances at Mt. Hill, such as a sinjrle heap of 
stones arranged in a line along a curve of a gully near where diorite 
or other hard rocks show through the surfaee soil, and I have seen 




The bed of the Eastern Moraine, Mount Hill. 

Fig. oO. 

^rery similar accumulations of rocks without earthy intermixture in 
the Canning River valley, and doubtless many other instances could 
lae found if thev were sought for. 



E(^ONOMI(^ PRODl'CTS. 

The Infusorial or Diato^eackous Dkposits of many of the 
springs in the sandstone area near the coast have been found useful 
as a cheap local building material when sundried in moulded blocks. 

(rYPi?:uM lias been found in the dry bed of a lake at Cliffy Head, 
20 miles south of Dongara [5055], and four leases of 20 acres each 
have been surveyed there. The locality was not visited, but the 
•deposit is stated to be about 4ft. deep. It is in the form of a fine 
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nystalliiu* |H»\\(!i'r a-'^cwiatetl with the shells of Can! in in iiiietlo (a 
living: species). A l)iilk sample was analysed hy Mr. Siiups<m in 



The upper portion of the Western Moraine, Monnt Hill. 
Fig. .')!. 

lOO.i with the i'ollowinjr result (see Process Report of the (Jet»l(>.i:i- 
cal Survey, VMYX p. 2S) :— 



Lime CaO 

Ahi^ncsia, MgO . . 

Soil a. Xa.O 

Potash, KjO 

Iron Oxide. Fe^O 

Alumina, AljO;, . . 

Sulphuric Anhydride, SO;, 

Carbonic Anhydride. CO^ 

Chlorine. CI 

Insoluble \ Silica. SiO^ 

( Alumina. AhO^ 
Combined water, HjO .. 
Hydroscopic water. H^O 
Orfj^anic matter . . 
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Ixvss oxygen ecjuivalent of chlorine 



The insoluble niattei* contained l..'U) silioa. The soluble matter 
70.98 per cent, ea.lciuni sulphate and .').27 ealeium carbonate. Mr. 
Knowler, the lessee, chai\i>ed .'Jos. a ton f.o.b. Donirara for this 
material. Tiiis price was, however, more than double that at whieb 
gypsum can be obtaine<l in Perth from Port Adelaide. 
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Oil the saiuly beach at the south end of the low cliff at Leander 
Point a large quantity of seaweed collects at some periods of the 
year, and the decomposition of this weed appears to jjive out a 
sulphurous odour and also causes a sulphurous depot;it in the sand; 
a sample of this has been analysed in the Survey Laboratoiy and 
yielded the following: — 

Free Sulphur . . . . . . 14.24 per cent. 

Sulphur in combination (Gypsum) .3J) ,, 

Total Sulphur . . . . .14.03. 



A similar odoin* was noticed in a less dej»ree at the north side 
of Point Moore, where there was a smaller accumulation of seaweed. 

Cave Guano^ or phosphatic material, was seen in considerable 
<iuantity at the Jankara cave in the form of a y)owdeiT substance 
of a yellowish tint. This formed a heap on the floor of the farthest 
end of the cave. Samples from the Jankara cave have been 
analysed by Mr. Simpson [8859-60, 8871], who reports:— 
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I per cent. cer pent. 

•CaO I 24- 16 ! H-84 

K«0 (soluble in acid) -61 , 12 

P^O* I 2.3-50 3- 16 

N I 1-69 -79 

Insoluble 1 19-53 74-39 



These samples are the same kind of material termed dirt beds 
by Ml*. S. Goczel in a paper read before a conference of delcjrates 
from Agricultural Socieii(*s held on August 26th and 27tli, 1908, 
and entitled 'The Dirt Bed Phosphates of Western Australia." He 
<»onsidei*s that these dirt beds were foimed at the same time as the 
•calcareous sandstone of the caves, and says: — 

The dirt beds within the calcareous sandstone formation have often 
been the initiatory cause for the formation of eaves and underground 
water channels. Dirt bed faces are often exposed in auch caves, and 
natural concentration of phosphatic material takes place <luring cave 
"growth. 

In regard to the subject generally, it would seem that the tine 
powdery form in which most of the cave earths are found is more 
indicative of the partly chemical origin of the material than to its 
being due only to animal origin; this matter has been touched upon 
iilready in tlie section dealing with springs. This conclusion makes 
ihe subject of more than local importance. 
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The ijuaiH* ileposiis in the Jinsremia cave were briefly alluded 
to ill the (feoloirieal Report of the (feoh>jrieal Survey for 1907, p. 9: 
it i> there stated : — 

. . . the <'avity itself cannot be observed until the range is- 
eliinlitMl. and not even then until the edjje is reached, when it presents 
a striking feature, having a sheer face 70 feet in depth upon the southern 
8iih». whilst to the northward is a send -circular rouj^h steep sIo{>e, whilst 
a I'aviTu 2.> feet in hei^^ht by (>2 feet deep and 2(i feet across pierces 
till* viTticul southern face from the bottom of the pit; the whole may be 
roujfhly descrilKHl as a theatre-shaped hollow, the cavern representing 

the stii^ft' and the semi-circular sloping; sides the auditorium 

In tlH« main cavern the floor is level and covered by a soft powdery 
dcjMisit of f^uano; this has btvn sunk in for a depth of 20 feet to the 

bottom These caves in all probability owe their origin 

to suhsidence caused by the collapse of caverns in underlying limestones- 
wliii-h have been tlissolved by percolating waters. 

Hislu»p's H(de, another eave, about five miles south of Jin^mia* 
was also visited and deseribed. 

Four sample-; of »riuino were analysed by the Mineraloj»ist and 
Assayer and ^rave an approximate value of 10s., 33s., 189s., and 363s. 
per ton. 

Another report was made by the State Mining Enjiineer which 
was jiublisluMl in the West Au^stralian of 9th April, 190S. 

Mr, H. Kowley also reported on the deposits, and it appeared 
in the Mornincf Herald of 11th of February, 1908. He stated tliat 
he considered — 

. . . the .Tiugeniia deposits to consist principally of two classes 
of f( rtilisinjj iiiatiTiai. one of which is nitrogenous and phos])hatic guano 
whilst the other is a seromlary accumulation of silicified guano which 
has t'liriiied a jihosphatic rock and in which there is almost no nitro- 
gennus ^alue. This rock nuist ])P finely ground for commercial pur- 
j)«)sr>, its main value being in its phosphates. 

Salt is a rather too [)lentiful mineral throughout the district 
under leview; it occurs both in the soil and in the water of the 
springs and wells, and interferes jireatly with the capacity of the 
e(»iintiy for all occupation purposes. It can be seen efflorescing 
tVoni ilie clays and sandstones, and in i)laces it is this that makes. 
so many of the deep permanent pools of the river saline. 

The shallow depressions that form a chain of lakes kmm-n as 
the Van a N'arra Iak(^. near Carnamah, fonn natural evai>oration 
basins for the deposit i>f salt, and innnense quantities of this ma- 
terial are available there, a^ the lakes are dry during the greater 
j)art of the year. A lea^e of 2,000 acres was iiranted in February 
last to Mi*ssrs. F. J. Mann and A. K. Cockram for the purpose of 
colleclinn' salt near tiie west side of the railway line. 

At the ITutt Lagoon, l.ynton, the gieatest deposit of salt i>ccurs^ 
and Messrs. Fallowtield an<l Co., of (teraldton, have had a lease of 
1,000 acres of the lagoon bttl for al)out two years: the tenii of the 
lease is 21 years. The works are near the south side of the old 
entrance from the sea, and a small jetty has been ccmstructed iu 
Port (tre«»ory, and a tram line crosses the sand ridue from there to- 
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the saU-jxatliering operations on the lease. The salt forms a cake 
that is semi-transparent and is up to three inches in thickness, 
which is hoed up by workmen and placed in tnicks and stored in 
the stack shown in Figs. ."32 and 53, when it is conveyed in bags to 




Collecting Salt, Fallowfiold's Works, Hutt Lagoon. 

Fig. 52. 




Salt Stack, Fallowfield's Works, Hutt Lagoon. 

Fig. .>8. 



Oeraldton by steamer for refining. Thijteen workmen were en- 
gag-ed in the operation here at the time of my visit, and I was in- 
formed that twelve more are engaged in the other operations. The 
firm have gathered 1,000 tons of the salt, so that the undertaking 
may be said to have passed the trial stage. It is remarkable that 
after the surface of salt has heen removed it makes again from 
below in a few weeks time and can then be gathered afresh. 

The salt occui*s both as a solid translucent cake and in a tila- 
mentous state, according as to whether the water was calm or ripply 
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when evaporatiiijr. A sample [8839] has been analysed by Mr. 
K. S. Simpson with the followin.s: result : — 

Sodium chloride . . . . . . . . 9.J.07 

Majamesium chloride . . . . . . .14 

Maj»nesiuni sulphate . . . . . . .08 

Calcium sulphate . . . . . . .1" 

Insoluble in water . . . . . . .04 

100.00 

This sample of crude material, he remarks, is a pure salt suit^ 
able for all uses to which coaive salt is put. To nuike the best dry 
table salt it would be necessary to purify it by solution and re- 
crystallization. 

The weathering- of the rocks in the steep faces of the sandstone 
hills has left many small caves and rock sheltei-s which the abori- 
ginals have inhabited at times and still do when they find their 
work as boundary riders or shepheixls enables them to do so, but 
there are no lonjrer any wandering tribes, and only occasionally 
individuals are to be seen. 

The caves of this character have a smooth jn'assy slope stretch- 
ing from the cave entrance, constituting the "kitchen midilen," and 
comi)osed of ashes, charcoal, sand and debris of their meals. The 
floor of the cave is composed of an accumuiation of similar materials, 
the roof an<l walls are blackened with the smoke of fires, and where 
any j)art of the cave presented smooth and hard surfaces, they have 
been dworatcd with the sign manual of the inmates in the shape of 
stencilled i)aintin.i»^ of hands, weapons, etc., with a paint composed 
of clay, fat, and wili»ie, applied around the object delineatetl by 
means of the top of a bashed stick forming a rough brush. These 
signs are often of significance to the blacks and deserve to be re- 
sj)ectetl and kept free from obliteration by thoughtless persons, as 
mementoes of a fast disappearing i*ace. 

The Sandplains which constitute so large a portion of the area 
under review are almost wholly ti^ess, ha^dng only small scrub 
from 2 to 4 feet high with a little tuss(x»ky grass and occasional 
clumps of scrub called wye thickets, which are a dwarfed growth 
of eucalyptus, with a few white gums and Christmas trees [Kuca- 
Jjiptus rednnca and Nuf/tsia florihunda) and grass trees, and moi*e 
rarely the cypress pine (Callibris robusta), while fringing the 
watercourses there is usuailly a row of white and flooded giuos (A\ 
riidcs or Edecipiens) and shea oaks (Casuariua). These sandy tiiicts. 
although having such a forbidding appearance, prove good feeding 
!Li round for stock when the srrass in the valloys has witheied up, for 
the animals browse off the ycmng shoots of the small scrub. The 
chief drawback lies in the pre^sence in certain areas (mostly the 
liigher lying tracts, where there is ironstone g'*avel) ol: certain p-dson 
]dants, of which the "York Road'' {Gastrolobium calijcinum) is llu' 
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principal speei«s. Pastoralists frequently fence off sncli tracts, for 
the plant is deadly to sheep and cattle. From near .Vongfa to Lynton 
is the woi-st infested tract that I have ever seen, and it has proved 
a serious drawback to tlie pastoralists there. In the Uj)i)er Trwin 
^district there are some fine belts of salmon ^um (A*, salmonophloia) 
and other timber of larg^e grrowth. 

The granite districts have the nsnal moderate sized vesclation 
of the coast, consistino; of gum and jam trees {Acacia acuminata), 
'except on the high level tracts where it is mostly open plain country. 

FiTom the accounts of old residents the jam trees luive greatly 
increased in number and size within their memory, and now afford 
a good supply of timber of sufTicient size for fencing purposes; 
they attribute this growth to the absence of periodical tiring of the 
scrub by the aboriginals, which they say used to be made. 

The following obsei-vations for dip and variation of the mag- 
netic compass were made : — 

At Mount Melara, near junction of Ebano Treek with Lockier. 
River, 23deg. south, 'i^-jdeg. west. 

At Trwin Siding, 24.G2deg. south, 3deg. west. 

At Billeranga, Loc. 3084, 2odeg. south, .Id eg. west. 

At Northampton, 24^4<leK- south, 2V2deg. west. 



BRIEF NOTES UPON SOME IRWIN RIYEK ROCKS. 
(By Messrs. E. S. Simjiscm and L. (Jlauert.) 

Oroup I.— ,Granites, etc., practically free from inclnsions of 
:acce8sory secondary minerals. 

[7791] Sec. 990. Oranitk. From well at Stockyard, Caryn- 
^ginia Gully. 

This is a light groy granitic rock showing much pink and white 
felspar as well as a oonaidcrablo amount of quartz. A little biotite 
•can also be distinguished. With the miiToscope we recognise much 
.quartz by its clear nature, its irregular outline, and its strings of in- 
chisioDS. We have two felspars, ont* of whieli is seen at once to b<i 
microcline, for it has the characteristic microdine twinning splendidly 
-<leveloped. The other one I tai<e to be orthoclase. Biotite and horn- 
blende are also present as well as the following accessories: — 

Ilmenite (leucoxene) and an isotropic mineral (sodalite?). 

This granite greatly resembles the specimen previously obtaine<l 
'from Parkerville by the Mineralotfist and Assayer [8574, 8575, etc.]. 

The succeeding three rocks are also derived from the same magma 
[7663, 7856, 78561. 

[7703] Sec. 99.1. Gneissic Granite. From well about 2^4. mile« 
*%outh of Koekatea Spring. 

This is a metamorphosed example of the preceding rock j 77911. 

In it we see the constituent minerals arranged in gneissic bands and 

notice the appearance of a vein of epidote. Under the microscope we 

:see the identical mineral observed in [7791]. They show inclinations 
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of n(l4»))fiii^ a han<le«l stnicturo, and in the course of their alteration 
gi\o ris»« to new minerals, rpidote IxMng the most abundant. 

[7653] Sec. }>92. F[xk-graixki) (Jxeissic Granite. From 1 
mile east of Kbaiio Spiiiisr. 

This is a fine (grained roek almost resembling a ceratophyre in 
structure. Its colour is a greenish light grey and its texture very 
unift>riu. It is soen to be composed of fairly small crystals of clear 
coIourksM quartz with many inclusions. Orthoclase and plagioclase 
felspar, the latter often showing repeated twinning, and albite lamella- 
tiou an<l a few flakes of brown biotite. In placid these minerals are 
»wrrc.inn!e<l by a matrix of very small crystals of quartz and felspar, in 
this way resembling ceratophyres. Iron ores and chloritic material are 
the rhief accessories and alteration products. 

[7856] Sec. VM>3. Fink-orained Gneissic Graxite. From the 
bead of Woola^rate Creek. 

This rock is very similar to [7653], but differs from it in being 
of a rather coarser texture. The microscope shows that it contains the 
s»me minerals, some of which might almost be termed porphyritie, 
whilst thost> in the ground mass or matrix have, in comparison with 
these, only minute dimensions. 

Traces of a gnoissic structure are to be seen on the hand specimen. 

[7865] Sep, 990. FrxE-GRAiXED Gneissic Graxite. From ^ 
mile ea<t of Kbano Spriiiu". 

This rock is similar to [7663] in structure, but shows more gneissic 
bandings; the colour, too, is many shades darker. Microscopical 
examination shows that it is a portion of the same rmk 
mass wliich, having been subjected to more metamorphic action 
and alt<'ration by weathering, seems at fii*st sight to have been derived 
from a different rock mass. The minerals have separated out into bands,- 
the t'clsi-ar is very cloudy and highly altered. Still it is necessary to 
give the rock a name different from that given to its allies. 

[77041 Sec. 99.'). Horxblfxde Gneiss. From the Irwin River 
Falls. 

This rock has a decidedly schistose or gneissic appearance, and 
shows The banded arrangement of the constituents to great perfec- 
tion, ruder the microscope it shows that at one time it was a rock closely 
resembling [7855, etc.], but owing to metamorphic action so many 
changes have taken place and so much secondary hornblende has been 
formetl that the mass has become a hornblende gneiss. 

The constituents are hornblende, quartz, felspar, and epidote. 

[6661] See. 71S. Qi'aktz Felspar Porphry. 1 mile south of 
Tibraddon Homestead. 

Phenocysts of quartz, orthoclase, and probably plagioclase are 
abundant, set in a fine grained mass of felspar and biotite. Two pecu- 
liarities in structure are to be noted, (1) the biotite is often thickly 
congregated round the quartz phenocysts, (2) the quartz and felspar 
are pegmatitic in one or two small areas. 

Group II.— Granites, etc., with inclusions of secondary acces- 
£ory minerals. 

[8067] Sec. 904. Garxetiferous Graxite (slightly Gneissic). 
From Loc. 2229, V/o miles south of Brown^s Tableland. 

This is a fine grained mottled rock; the prevailing colour is light 
grey, but the whole surface is covered with minute red specks (garnets) 
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anil Sinn 11 dark flakes of biotite mit-a. Under the mieroscojK* it i^ 
to be an entirely different rock from those just described. We 
nnn'h clear quartz, slightly cloudy felsj)ar (no niicrocline), and h 
mica in long ftakes with ragged txtrenieties. As secondary and accti 
minerals we have pink garnets, zircons, iron ores, tourmaline, etc. j 
structure of the rock, too, differs from [7855], etc. We ; 
here all the chief minerals in crystals of a uniform size, and we I 
the fine grained base so characteristic of the other group. 

[7872] Sec. 98(i. Oarnktikkrous Granite (slightly (hieisi 
From the east branch of the Ikcwah Brook. 

This rock is similar to [8067], but as it contains more of 
secondary biotite and other minerals and inclusions, etc., it is fi 
<larker in colour. The cloudy felspar, too, is much less abundant, ha 
probably been altered and changed into the biotite, otc, mentia.^ 
above. 

[4912] See. 988. Garxetifeuous Granite (slightly Gneissie 
From M.L. 12, near Arrino Railway Station. 

This rock is slightly darker than [7872] and exhibits more eviden 
signs of a gneissie structure. Under the microscope the general appeal 
ance is seen to be similar to the preceding rocks, [8067], [7872] 
but the scarcity of garnets and the greater predominance of zircons, 
tourmaline, etc., is very noticeable. This rock is evidently one stage 
further along the line joining the true granites of the district with the 
horublendic or biotite gneisses or schists. 

[5235] Sec. 987. G^RNETiKERors Granite (slightly Gneissie). 
From track to Granite Hill, V\ mile east of railway opposite Yanda- 
nooka Homestead. 

Similar to the preceding, but so full of secondary biotite, 
garnets, etc., that it almost seems to be a different class of rock. 
The microscopic examination shows that green biotite and horn- 
blende are the most conspicuous minerals present. Quartz is also abund- 
ant, bnt felspar is almost entirely absent. Pink garnets of large size 
but simply one mass of inclusions, are plentiful. Tourmaline and zircons 
are also present in force. Iron ores are also represented. 

[6658] Sec. 984. Gxeissic Granite, with ^arnets, zircons, etc. 
Prom Loc. 2485, Grant's Well, Yandanooka. 

This is a typical gneissie rock of a rather coarse texture, showing 
many crystals of clear quartz, pink orthodase (f), felspar, green horn- 
blende, ami muscovite and biotite micas. With the microscoj)e we see 
the usual style of quartz, perfectly clear and containing numerous in- 
clusions, those of tourmaline (in long slender prisms and needles) being 
of fair dimensions. Zircons are also to be recognised among the many 
Miiall enclosures. The felspar is cloudy and is taken to be orthoclase, 
for no examples of repeated twinning are to be seen amongst the many 
crystals examined. A few pieces of plagioclase are also present, and 
give examples of the albite plan of twinning. Biotite, muscovite, anil 
secondary hornblende are very common. These different minerals being 
often intergrown. Garnets fairly free from inclusions; zircons and 
tourmaline, etc., are present. 

Grou}) III. — Intermediate and Basic Rocks. 

[7707] Sec. ^)^o. Hornblendk Gneiss or Schist ([)robably 
a basic rock). From the summit of Peterwangy Hill. 

This is a very hornblendic rock much resembling the gneissie gran- 
ites described, but the texture in this case is so fine that the name horn- 
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.<*nitic schist would be almost equally appropriate. Its colour is a 
niform blue black, and it shows on its surface many small 
;liBteninj; ]dates and fine surfaces of hornblende. Tnder the 
ui('ro8<»ope it is seen to consist of green hornblende. ]>lagio- 
vlaHC, felsj)ar — showing much repeated twinning — quartz, augite, 
and accessory minerals and inclusions. C'hloritic material is al.so pre- 
'm*nt. Though this rock is termed a hornblende gneiss or schist it might 
equally well deserve the name of quartz diorite. It cannot \ye asso- 
ciated with any of the rocks in Groujie I. and II., but bears some re- 
s«>mblance to the following [7708]. 

[7708] See. 9S9. Altered Diabase. From the north side of 
PeterwanjiT Hill. 

This rock is of a rather compact nature, only a few lath-shaped 
crystals of plagioclase felspar being visible to the naked eye. Its 
colour, too, is remarkably uniform, viz., a deep blue black or green 
black. lender the microscope we see that we are dealing with a typical 
altered diabase. The main constituent is a fairly fresh lath-shaped 
))lagioclase giving fine examples of twinning on both the Carlsbad and 
Albit^ plans. The crystals are idiomorphic, and show the characteristics 
associated with the more basic rocks. The ferro-magnesian mineral has 
evidently, from its structure, been augite which has undergone so iiuich 
change that it is now only represent e<l by small cores of the mineral 
surrounded by secondary hornblende and green chloritic mineral, the 
whole mass forming a matrix for the felspar. In other places the 
altered felspar (orthoclase, etc.), forms a very cloudy and highly alteretl 
mass in which are placed pieces of quartz augite and less altered ortho- 
clase. In some places a good deal of iron ore is present by its association 
with the green chloritic matter, pointing to the decomposition of ferro- 
magnesian minerals. Many parts of the slide show that the rock had a 
tendency to assume an ophitic structure, the ferro-magnesian mineral 
surrounding an<l including the felspar — a fact which also points to the 
earlier crystallisation of the felspar. 

[8808] Sec. 1010. Basalt. 4 miles north of Newmarracai-ra. 

The structure is that of a typical basalt without olivine. The 
ground mass consists of very small crystals and grains of triclinic 
felspar, augite, and magnetite; in it are embedded numerous trans- 
parent colourless phenocrysts of felspar and some pale brown pheno- 
crysts of augite. Xo olivine or glass observed. 

[8811] See. 1012. Diabase. 4 miles easterly from Narra Tarra 
Ilcmiestead. 

A typical rock with ophitic structure. The two main constituents 
are clear unweathered felspar (triclinic) and pale brown augite. Much 
iron ore present, part at least of which is ilmenite, as shown by develop- 
ment of a little rutile in association with it. A very little green horn- 
blende pseudomorphous after augite. 

[8829] See. 1013. Norite. Loe. 2769, IV2 miles south -easterly 
from Norman's Well. 

(^oarse grained mixture of colourless enstatite and very clear un- 
altered plagioclase. A fair amount of dark brown biotite present in 
small and large scales. A little magnetite. 

[8810] See. 1011. Norite. Loc. 47 .538, about 3V2 miles easterly 
from Na»rra Tarra Homestead. 

Similar to [8829], but enstatite showing evidences of alteration 
und biotite is much more plentiful. Numerous rods of apatite repre- 
sented. 
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Oroup TV. ~ Sedimentary Tuffs and their allies. 

There are five specimens which may be included in this 
though they, with the exception of [4244], show a uniform texture, i 
are ali more or less chocolate coloured, still microscopical exaininad 
shows that they vary in composition. Some of them [7580] I 
practically pure' sedimentary tuffs, whilst others [7583] contain! 
much quartz that they may equally well be clashed as tuffaceous sal 
stones or shales. The presence of the numerous quartz jjrrains shows tl 
these beds have been deposited under water, in that way differing fr 
many tuffs which are of aerial i)rigin, and in the formation of whi 
running water has taken no part. Beds similar to these from the Irw 
River District have been known at Kiama, in New South Wales, i 
many years, where the same gradations from nearly pure tuffs 
tuffaceous sandstones, etc., and finally true sandstones and shales, ha' 
been notice^l by the officers of the Geological Survey (see R-ecords of th 
Geol. Survey of New South Wales, Vol. VIII., pt, I., p. 5, etc.)\ 
Similar conditions in the district under review would tend to cause- ^ 
the formation of similar beds, and would explain the variation in com- 
position of the rocks. The many reddish and dark grains present are 
possible altered ferro-magnesian minerals. 

[4244] Sec. 1000. (^ox(iLO:MERATK Tuff. From M.L. No. 12. 
near Arrino Railway Station. 

This is a true conglomerate. In a chocolate coloured groundmass or 
matrix are numerous rounded pieces of granite, gneiss, garnet, schist 
and other igneous rocks, as well as large rounded crystals of pink felspar 
and quartz and flakes of mica. The microscope shows that 
some of the included pieces of granite come from the rock 
mass of Group II. (s(h» specimen [6658|, Sec. 984). This, 
together with the similarity of the matrix of the tuffs and this 
rock, leads to the conclusion that the tuffs are of more recent age than 
the Group II. granite mass, a fact which may bo of use in determining 
the ages of both beds or rock masses. 

[7580] See. 98;i Tuff. From Loe. 2S9f), Arrino. 

This is a reddish choctdate coloured rock with darker bands. It 
has a very uniform texture and is easily scratched with a knife. When 
breathed upon it has an argillaceous odour. lender the micro- 
scop-? it is seen to be composed of numerous angular grains 
of quartz and felspar, along with iron ores and pieces of glass 
in a matrix which has the ap{)earance of devitrified glass and which, 
judging by the chemical analysis of the rock, must be very felspathic. 

[7686] Sec. J>S1. Tuff. Fnmi well in M.L. 30, Arrino. 

This is a chocolate coloured tuff which, upon microscoj)ical examina- 
tion, is seen to greatly resemble [7580 1, though it dovH show less of 
the matrix and a corrcsjiondingly higher percentage of quartz and felspar 
grains. 

[6360] See. J)SO. Tuff. From well in Loc. 24SS, Arrino. 

This tuff is rather darker than the preceding. Microscopically it 
shows a uniformity of grain and a greater abundance of quartz and 
felspar, but hardly any "matrix,'' simply a "cement." 

[7583] Sec. J)S2. Tuff (arkxaceous). From »2 niile ea.st of 
Arrino Railway Staticm. 

This tuff is similar to the rest of this group, but shows many 
small [ilates of mica in the hand specimen. As it is harder, too, it 
is probable that it contains a fair amount of quartz, which would make 
this an example of a tuff gradually shading off into a fine grained sand- 
stone or shale. The microscopical examination brings out no new points^ 
and therefore nee<l not be gone into here. 
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(iroupV. — Quartz-Breccias and Sandstones. (Sedimentan- 
continued). A^e undetermined. 

[7581] Sec. 7!)6. Qiartz-Brkccia. From well in Resen-e ST'io, 
j Arrino. 

This is a pale j^ri yish qimrtzite-Iike rock showing numerous angular 
grains of variously coloured quartz with pink orthoelase. felspar, and 
jfrw^niah yellow chlorite* or ej)iilott\ X^^nder the microscope we hv we 
are dealing with a typical quartz-breccia composed almost entirely of 
angular quartz ceinentod together by a silicious cement. 

[7602] Sec. S()l. Silk ififd Grit, Arrino. 

Composed of coawe, angular quartz grains cemented with clay, the 
latter at times slightly iron-stained and so impregnated with secondary 
silica as to be j>orceIlaneous. The whole rock hard and possessing con- 
choidal fracture. Some of the quartz grains are full of rutile neodle:«. 

[7877] Sec. S()(). Qvartzitk. Billeranga. 

Hounded quartz grains from one-fortieth of an inch downwards in 
diameter, many ct)ntaining needles of rutile. cemented with secondary 
<]uartz stained red with iron oxi<le. A little clay in places in the cement- 
ing matter. 

[7847] Sec. SOO. Qvartzitk (siliciiied quartz-breccia?), Mi- 
^felara stray block. 

I^arge and small .pebbles and grains of quartz and chalcedony, 
]iartly rounded, partly angidar. Cementing material, clay, and secondary 
silica (chalcedony). A little green chlorite and iron oxide associated 
with the clay; some of the largest pebbles consist of a core of coarsely 
<TystalIine quartz with a border of chalcedony. 

[7693] Sec. S,)7. Siliciftki) Argillaceous Saxdstoxk. Car- 
boniferous. (Jnoolowa Hill. 

C^uartz in well roun<led grains from 1/50 inch to 1/500 inch in 
«liameter, embedded in a base of very fine grained quartz and clay, 
wiiolly impregnated with secondary silica, rendering whole of rock hard 
;ind giving it a sub-conchoidal fracture. Large quartz grains fre 
ipiently contain numerous spicules of rutile. 

[7845] Sec. SoS. Silicified (Indurated) Claystone. Invin 
Kiver, south-east of Nangatty. 

Fine grained clay with occasional small grains of quartz, the whole 
indurated by development of a little secondary silica. 

[7691] Sec. S,')!). Sandstone Partly Silicified. Two mile 
south-west of Nanuatly. 

The greater part of this rock is a firm argillaceous sandj^tone o 
medium grain. Irregular masses of it are completely silicified to f. 
rock identical with [7602]. A section of one of these masses shows it 
to consist of rounded quartz grains with rutile needles, embedded in a 
])orcelain-like mass of silicified clay. 

Jurassic (*?) 
[7865] Sec. S.>(). Quartz ite. Billeranga Plains. 

Composed of closely packed quartz grains averaging about 1/3<M) 
inch in diameter, rounded or subangular, cemented with original grains. 
Occasional granules of felspar present, and a little iron oxide in cement- 
ing material. Rock has a conchoidal fracture. 
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Jurassic. 
[8059] Sec. 865. Sandstone. Mt. Hill. 

Pine siibangular grains of qiuirtz, felspar, and ferruginous material 
cemented by clay, iron oxide, and secondary silica. 

[8057] Sec. S6(S. Silicious Sandstone or Fine Grit. From 
Mt. Hill. 

This is a fine grained grit or rather coarse grained sandstone com- 
posed of water-clear quartz in a more or loss ferruginous silicious 
cement. Under the microscope the rock shows all the characteristics of a 
silicious sandstone, the numerous subangular and rounded grains of 
quartz and a little felspar are in a cement of iron-stained silica. Seme 
of the fjuartz grains have large, and all have pmall, inclusions. 

[8060] Sec. 807. Ferruginous Sandstone. From Mt. Hill, 
% raile south. 

This is a typical purplish fine grained sandstone which, upon exam- 
ination under the microscope, is seen to consist of uniform rounded 
grains of quartz in a ferruginous cement. A little felspar and musco 
vite are also present. 

Tertiary. 

Group VI. — Limestones (Sedimentary continued). 
[8030] Sec. 996. Fossiliferous Limestone. From Resene 
7469, Irwin Siding. 

This is a cream coloured limestone showing traces of stratification 
but no signs of organic remains when examined with the naked eye. 
Under the microscope the rock has a decidedly yellow tint, and 
though the section is thick it is possible to recognise traces of organic 
remains and to make out angular and subangular grains of quartz and 
felspar as well as fragments of brown biotite and other mineral matter. 

[8032] Sec. 998. Arenaceous Foraminifbral Limesixjne. 
Fi*am Loc. 839, Yardarino. 

This is a cream coloured limestone like [8030], a type so well known 
on the coastal districts in the vicinity of Perth. To the naked eye it 
aj3pears to be a sandy limestone without any organic remains. 
The microscope, however, shows the rock to consist essentially of 
calcium carbonate in the form of foraminifera shell fragments, etc., 
and rounded and subangular grains of quartz and felspar cementetl 
together by a calcareous cement. 

The organic remains are so fragmentary that it is impossible tn 
distinguish genus or species of the foraminifera. 

[8043] Sec. 997. Arenaceous Foraminiferal Limestoxk. 
From N. of Loc. 1714, Donj^ara. 

This rock resembles [8032], but has a much higher percentage of 
sand- It also is full of orfi^Mnic rciuMins, which, however, are only rt'\t:il( ' 
wlien the microscope is used upon the section. There is not the sli^httst 
doubt about the j)resence of foraminifera, for many p(M-feft ones arc 
to be seen in the slide. They will be studied when the rest of thi* 
rocks have been described, if ciri-nmstanees allow. 
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INDEX TO NAMES OF PLACES, MINES, BEEFS, ETC. 

Names of Genera and Species are in italic.". 



Acroculin 

Atfinorrimi« 

Allanooka 

Alma Mine 

Alpha Aline 

Alum tSpiing . . 

AniDlgamated W.A. Coal Co. 

Analyses, Coal 

„ Calcaipous Conretun 
Earth 
rjuano 
„ Gypsuni 

Limestone . . 

Salt 

„ Seaweed 

TufT 

Water 
Aplite . . 

Arber, E. A. Newell . . 
Area 
Arrino 
„ Mine 

„ Proprietary Copper Mining 
Arrowsniith Lake 
„ River 

Aahbui-ton River 
Atkinson, Mr. . . 
Anlosteges J'xiracoodenjuis 
Ariculopecten 

„ Spi'tntii 

„ subquinqufline.atufi 

., ttnukoUifi 

Baddera Aline . . 
Badgerreu Pool 
Bandy's 3Iine . . 
BaiTawcell.);\ri.'v Hill 
Basalt . . 
Baxter's Mine . . 
Beatenally Hill 
Beaton field 
Bell, James 
BeUerophon 

„ coMatu 

Biganu Spring . . 
Billerancra Hill 
Bindoo . . 
Bishop's Hole 
Bokara . . 
Bowes River 
Breccia . . 



Pa' 



6, L3, 



14,21 



22,2 



12, 3 



57, OvS, 



(>, 57, 



33, 



fiO, 



48, 



fi4, 



«7, 



53 

:»2 

72 
18 
18 
59 
47 

4;) 
6b 
89 
88 
80 
92 
8V» 
23 
73 
16 
58 
63 

1, 68, 95, 97, ':!? 

27 
82 
82 
12 
29 
52 
50 
51 
51 



19 
10 
19 
32 
96 
26 
17 
41 
46 
50, 53 
53 

'17,48,70 

6, 21, 93, 98 

.. 6, 32 

90 

79 

6, 17, 61 

98 



6, 
17, 



102 



INDEX, ETC.— continued. 



BrcK'kiUiin Hills 
Brown's* Tableland 
BugKalie Hill 
Hurnt Irm Copper Mine 

Camni, Mr. 
(Vinpbell, Mr. (\ 
CarlMiniferouH Strata . 
Carnamah 
( a rtu»y . . 
(^«rv?it{inia (iully 
('hai)rnan Kivcr 
(lieyne. C. (\ . . 
ChidlowH Well 
Chonrha 

Pratti 
fhiothyriit Macleuyanft 
dilTv Heud 

Tuaf 

(Vickrara, A. E. 
Concord ium 
( 'one ict ions 
C'oonawah (Vosaing 
CotMow . . 
("oorow Cave . . 
Corner Well 
Cornstalk Mine 
Coryii^inia (iully 
( 'rinoids 
Crowther 
(\i/rfin'i cnrbonaria 

Datuiaiiau^'i 

David, Prof. .. 

Deliur^h Spriiii; 

Dedivy l*iver . . 

Ih Ho 1 1 rti H mhIhih itiqnflineahiJi 

Depot Hill 

Depot Hill Coal Miniiiu' and Vvoh\i 

Di4l)MS(; . . 

Dianiotul Drillinji Conipanv 

Diatoniaoeous l)ep(j»<its 

Diorite . . 
DiMj'jara. . 
DoiiL'ani Hore . . 
Do^hole Sprioir 
Drip Cave 
Dnfrenite 
Durawah Spjin^ 

Ebano S])i inir . . 
Edmondin rottcentrica 
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E]>8om Salt 
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INDEX, ETC— continued. 



** Erratic Blocks " 
Ethel Maud Mine 
Etheridge, R„ F.R.S. 
EMompkalxis 

„ Dionysii 

Eyre Gully 



Fallowtield & Co., Messrs. 
FenesttUa fossula 
Fogarty's Well 
Fooitl, A. H. .. 
Foraminifera 
Forrest, John . . 
Fortescue River 
FossU Hill 

Gallin's Quarry 
Gaitlen Gully . . 
Garnet . . 

Gametiferous Granite 
Gascoyne River 
(leorgina Road, 
(leraldine Mine 
(ieialdton 

„ Mine 

Gibson, C. (}. . 
Glengarry 
Gneirts . . 
Gneissic Granite 
GnoolowH Hill . 
(ioczel S. 
Granite . . 

Hill . 
Ridge 
(irant's Well . 
(iraphite 
Giay's Mine 
Greenbrook 
Greenough . . . 

„ River 

(iregorv, A. (\ and V. 'l\ 
(irit ^ .. 
(Jypsum 

Harland, Mr. . . 
Helpman, Lieut. 
Henning's Mine 
Henry River 
Higgetty Spring 
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INDEX, ETi:.— continued. 



Pa.. 



Iiifusorirtl I>e]K>9it« 

Irwin River 

„ Coal Mining Company 

„ Coal Proj»|iec'ting Syndicate 

„ FalU 

lr^*in Spring .. 

Jack's Well Mine 
.Vankara 
.fingeniia 
Jurassic Strata. . 



Kellett, Mr. .. 
King's Table Hill 
Kirton's l^ad Mine 
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Sj)ring 
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Lady Horence Mine 
Lander's Mine . . 
I.Aterite 

lieander Point . . 
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„ Range 

lx>ckier River . . 
Ijorni Hill 
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Lyndon River . . 
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